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ABSTRACT 

We present a complete census of all Herschel- detected sources within the six mas¬ 
sive lensing clusters of the HST Frontier Fields (HFF). We provide a robust legacy 
catalogue of 263 sources with Herschel fluxes, primarily based on imaging from the 
Herschel Lensing Survey (HLS) and PEP/HerMES Key Programmes. We optimally 
combine Herschel , Spitzer and WISE infrared (IR) photometry with data from HST , 
VLA and ground-based observatories, identifying counterparts to gain source redshifts. 
For each Herschel- detected source we also present magnification factor (/z), intrinsic 
IR luminosity and characteristic dust temperature, providing a comprehensive view 
of dust-obscured star formation within the HFF. We demonstrate the utility of our 
catalogues through an exploratory overview of the magnified population, including 
more than 20 background sub-LIRGs unreachable by Herschel without the assistance 
gravitational lensing. 

Key words: infrared: galaxies; submillimetre: galaxies; galaxies: star formation 


1 INTRODUCTION 

The Hubble Space Telescope {HST) Frontier Fields (HFfD 
is an ongoing programme (2013-2016) to obtain ultra-deep 

* Herschel is an ESA space observatory with science instruments 
provided by European-led Principal Investigator consortia and 
with important participation from NASA, 
f E-mail: tim.rawle@sciops.esa.int 
1 http://www.stsci.edu/hst/campaigns/frontier-fields/ 


imaging of six intermediate-redshift galaxy clusters, us¬ 
ing 840 orbits of Director’s Discretionary Time (PI: Lotz; 
Lotz et al., in preparation). The primary goal is to ex¬ 
ploit the gravitational lensing effect of these massive fore¬ 
ground structures to study background galaxies in the very 
early Universe. HFF employs both the Advanced Cam¬ 
era for Surveys (ACS) and the Wide Field Camera 3 
(WFC3) to gain imaging throughout the rest-frame opti¬ 
cal and near-infrared (NIR). Although the observations are 
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intrinsically shall ower than e.g. t he Hubble Extremely Deep 
Field (XDF: llilingworth et alj|2013h . the additional effective 
depth yielded by the wide-scale cluster lensing provides a 
first glimpse of the galaxy population to be probed in detail 
by the James Webb Space Telescope ( JWST ). 

HFF comprises six clusters chosen primarily for their 
predicted lensing strength, low zodiacal background and 
observability by large ground-based facilities (e.g. ALMA, 
VLT and/or those on Mauna Kea). The ACS/WFC3 par¬ 
allel mode provides two distinct footprints per cluster. A 
central field is aligned with the highest-magnification clus¬ 
ter core, while the parallel location is constrained by guide 
star availability and selected to maximise image quality (ie 
avoiding bright stars). HFF includes two northern and four 
southern clusters, covering a range of Right Ascension and 
redshifts within 2 ~ 0.30 — 0.55 (see Table [l]). 

Rest-frame optical and NIR imaging probes the unob¬ 
scured evolved stellar component of extragalactic sources. 
An understanding of the processes governing star forma¬ 
tion is required to answer fundamental questions con¬ 
cerning galaxy evolution. Much of the star-formation ac¬ 
tivity in_the Universe is sh rouded in dust (see the re¬ 
view, [Casey^^ar^ana^^Coor^[203)! giving an imprint 
of star formation characteristics on the recycled light in 
t he far-i n frare d (F IR). The Herschel Space Observatory 
dPilbratt et alj|2010h was launched in 2009 with the specific 
goal of understanding galaxy dust and obscured star for¬ 
mation. By the mission end in 2013, Herschel had obtained 
more than 25000 h of FIR data. 

Herschel large-area surveys of well-studied extragalac¬ 
tic fields hav e provided a new understanding of dus t tem¬ 
perat ure (e.g. Hwang et al.l 2010^ Magnelli et al.ll2014l ~) , dust 
mass llSantini et al.l 20141 : iRowlands et al.l |2014|) a nd sp ec- 
tral energy distribution (SED) shape I Berta et al] 120131 ) in 
IR/submillimetre galaxies. Building upon previous Spitzer- 
based studies of star f orm ation rate (SFR) evolution (e.g. 
[Perez-Gonzale z et^d. 120081) . the large Herschel sample size 
of lElbaz et al.1 (I 20 T 1 ) allowed the identification of an IR 
“main sequence”, including local, normal star-forming spi¬ 
rals. In contrast, luminous star-forming galaxies lie above 
this sequence in a seemingly distinct “star-burst” phase. We 
have now begun quantifying and c haracterising the physi¬ 


cal origin of this r e lationship (e.g. Rodighiero_et_aL 
Speagle et al.l 120141 ; iBetherniin et alT 20151 : ISchreiber et al l 


i ihysi- 

2014; 


20151) . 


Herschel blank fields have yielded a large sample of 
galaxies at z < 1, while also glimpsing a few of the brightest 
star-forming galaxies at higher redshift (e.g. Swinbank et al.l 
120121 : 1 Walter et al .1120121 : iRiechers et al.ll201.3t) . However, ob- 
servations suffer from the i ntrinsic limit imposed by in¬ 
strumental confusion noise (iNguven et alj|20100 . effectively 
restricting them to galaxies brighter than a demi-ULIRG 
(Air > 5 x 10 11 Lq) at z > 1.5, and ULIRGs beyond z ~ 2. 

Gravitational lensing by massive galaxy clusters can b e 
of gr eat benefit in the far-infrared (iSmail, Ivison fe Blainl 
Il997h . boosting background sources out of the confusion 
noise. There is an added advantage that foreground cluster 
galaxies are nearly transparent, contributing only a small 
fraction to the t otal observed flux. The Hersch el Lens¬ 
ing Survey (HLS: lEgami et ahll2010l . 12015 in prep.1) was the 
largest Herschel programme dedicated to exploiting clus¬ 
ter lensing. The survey design was ably demonstrated by 


the early observation of the well- known 2 = 2.8 lensed 
LIRG behind the Bullet cluster (}Rex et al • 2013). Account¬ 
ing for the magnification factor p ~ 75, the intrinsic flux 
of the source at 250 pm is < 1 mjy, significantly fainter 
than the nominal c onfusion limit of SPIRE (5 a ~ 28 mjy; 
Nguyen et al. l2010l h For a sample of HLS lensed sources, 


Sklias et al. 1 20141 4 explored nrulti-wavelength characteris¬ 


tics, concentrati ng on op tical extincti on and star-f ormation 
histories, while iDessauges-Zavadskv et all (120151 4 investi¬ 
gated their molecular gas conte nt and found evidenc e for 
a non-univer s al dust -to-gas ratio. ICombes et al.l (120121 ) and 
I Rawle et al.l (I2014al 4 highlighted another facet of gravita¬ 
tional lensing, as the magnification and conservation of sur¬ 
face brightness enabled observation of an HLS-discovered 
source at z = 5.2 with sub-kpc resolution millimetre inter¬ 
ferometry. 

While the lensed, high redshift galaxies are the pri¬ 
mary interest of the HFF programme, many cluster mem¬ 
bers are also in the observations. Generally, cluster galaxies 
are quiescent, with little or no dust to produce FIR emis¬ 
sion. However, several Herschel studies have each detected 


10s of cluster members at intermediate redshift ( 

Rawle et al. 

20 ly; 

Pereira et al. 2010i: CoDDin et al. 201 li: 

Rawle et al. 

2012a 

bh. Recently. Rawle et al. (2014bl) analysed the HFF 


cluster A2744, demonstrating that IR SFRs and optical mor¬ 
phologies can descriminate cluster formation processes such 
as group in-fall and cluster merging. 

I 11 this paper, we primarily provide a robust flux cata¬ 
logue of all Herschel -detected sources within the HST Fron¬ 
tier Fields. We also present a ‘value-added’ catalogue of op¬ 
tical counterparts on a best-effort basis, enabling the cal¬ 
culation of redshift-dependent and intrinsic physical prop¬ 
erties such as magnification, IR luminosity and dust tem¬ 
perature. The observations are detailed in Section [2j while 
Section [3] describes the compilation of the Herschel flux cat¬ 
alogue, including photometric extraction and band-merging 
methodology. Section[4]explains the ‘value-added’ catalogue, 
and derives intrinsic star formation properties. Section [5] 
presents an initial exploration of some of the most in¬ 
teresting IR.-bright sources in HFF. Section [6] summarises 
the paper. We assume a standard cosmology with Ho = 
70 km s' 1 Mpc -1 ,9m = 0.3, 9a = 0.7. 

Herschel imaging, catalogues and source IR SEDs asso¬ 
ciated with this paper can be downloaded from the public 
flavour of the Rainbow Database^ 


2 OBSERVATIONS AND DATA REDUCTION 

This section describes IR and ancillary data for the HST 
Frontier Fields. Each cluster is observed in two distinct re¬ 
gions, referred to as the central and parallel footprints. The 
data availability for each footprint at the time of writing is 
summarised in Table [T] 


2.1 Herschel 

The Herschel Space Observatory in c luded two broad¬ 
band imagers, PACS dPoglitsch et al.l l20ld ) and SPIRE 


2 https://rainbowx.fis.ucm.es 
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Table 1. Summary of the HFF central (C) and parallel (P) footprints, including available imaging. Positions are the nominal HST 
pointing and redshift ( 2 ) is for the target cluster. Coverage is tabulated for SPIRE (S), PACS (PPP = 70+100+160 pm), MIPS 24 pm 
(M), IRAC (IIII = channels 1-4), WISE (W), HST (H; * for complete HFF imaging at the time of writing), VLA (V). This table is 
representative only: partial coverage may result in fewer available bands at the footprint extremities. 


Cluster 

z 


RA 

Dec 

Coverage... 






A2744 

0.308 

C 

00:14:21.2 

-30:23:50.1 

s 

-pp 

M 

IIII 

W 

H* 

— 

P 

00:13:53.6 

-30:22:54.3 

s 

— 

— 

— 

w 

H* 

— 

A370 

0.375 

C 

02:39:52.9 

-01:34:36.5 

s 

-pp 

M 

IIII 

w 

H 

V 

P 

02:40:13.4 

-01:37:32.8 

s 

— 

M 

II- 

w 

— 

V 

MACSJ0416.1-2403 (M0416) 


C 

04:16:08.9 

-24:04:28.7 

s 

-pp 


II- 

w 

H* 

V 

0.396 

P 

04:16:33.1 

-24:06:48.7 

s 


— 


w 

H* 

V 

MACSJ0717.5+3745 (M0717) 


C 

07:17:34.0 

+37:44:49.0 

s 

-pp 

M 

IIII 

w 

H* 

V 

0.545 

P 

07:17:17.0 

+37:49:47.3 

s 


M 

IIII 

w 

H* 

V 

MACSJ1149.5+2223 (M1149) 


c 

11:49:36.3 

+22:23:58.1 

s 

PPP 


II- 

w 

H 

V 

0.543 

p 

11:49:40.5 

+22:18:02.3 

s 


— 

II- 

w 

H 

V 

RXCJ2248.7-4431 (AS1063) 


c 

22:48:44.4 

-44:31:48.5 

s 

PPP 

M 

IIII 

w 

H 


0.348 

p 

22:49:17.7 

-44:32:43.8 

s 



I— 

w 


— 


Table 2. Herschel programmes and observation IDs (OBSIDs) for the Frontier Fields. 


Cluster 

Programme 

PACS OBSIDs 


SPIRE OBSIDs 

A2744 

HLS 

KPOT_eegami_l 

1342188251-2 (n 

= 2) 

1342188584 

A370 

PEP 

HerMES 

KPGT_dlutz_l 

KPGT_soliver_l 

1342223332-3 (n 

= 2) 

1342201311-8, 1342248002-4 (n = 11) 

M0416 

HLS 

OT2_eegami_5 

1342250291-2 (n 

= 2) 

1342241122 

M0717 

HLS 

KPOT_eegami_l 

1342219416-7 (n 

= 2) 

1342193012 

M1149 

HLS 

KPOT_eegami_l 

1342211797-8 (n 

= 2) 

1342222841 


GT 

GTl_dlutz_4 

1342221954-7 (n 

= 4) 

1342210511 

AS1063 

HLS 

KPOT_eegami_l 

1342188222-3 (n 

= 2) 

1342188165 


HLS 

OT2_trawle_3 

1342270947-8 (n 

= 2) 

- 


(I Griffin et al.l[2010l) . They probed A ~ 70 — 500 pm, which 
brackets the peak of the IR dust component out to * ~ 4. 
The central HFF footprints were observed by both instru¬ 
ments, while parallel fields are covered by SPIRE only. Here 
we describe the programmatic origin, observing set-up and 
reduction for the Herschel data, as summarised in Table [2] 


2.1.1 PACS 

The PACS instrument allowed an observer to choose be¬ 
tween 70 or 100 pm bands in a blue channel, collected si¬ 
multaneously with the red channel at 160 pm. For all six 
central Frontier Fields footprints, imaging is available within 
the PACS 100 and 160 pm bands. In addition, M1149 and 
AS1063 were also covered at 70 pm. 

Five clusters were observed by P ACS as part o f 
the Herschel Lensing Survey (HLS; lEgami et al ] '201(1 
12015 in prep.h . which combines an Open-Time Key Pro¬ 
gramme (KPOT) and an Open-Time Cycle 2 (OT2) Pro¬ 
gramme (both PI: E. Egami). These (100, 160 pm) observa¬ 
tions consist of two orthogonal scan maps, each comprising 
18 repetitions of thirteen parallel 4-arcmin scan legs (total 
observing time per cluster, t a b s = 4.4 h). The sixth Fron¬ 
tier Field (A3 70) was p art of the PACS Evolutionary Probe 
(PEP: lLutz et al.ll201ll) Guaranteed-Time Key Programme 


(KPGT). The PEP cluster observing strategy was almost 
identical to HLS, but with 22 repetitions per orthogonal 
scan map (tobs = 5.2 h). 

A GT Cycle 1 (GT1) Programme re-observed M1149 in 
all three PACS bands (PI: D. Lutz), consisting of two cross¬ 
scans per blue band (70 and 100 pm; each t 0 b s = 0.9 h), 
comprising three repetitions of 20 parallel 3-arcmin scan 
legs in a point source map. This also gave 1.8 h of additional 
depth at 160 pm, concentric with the HLS observation, but 
over a smaller area. 

An ancillary HLS OT2 Programme re-targeted AS 1063 
to gain 70 pm (PI: T. Rawle). The programme added a 
further two cross-scans with 27 repetitions each (4-arcmin 
scan legs), at 70 and 160 pm (f 0 bs = 6.4 h). This data is 
coincident with the HLS observations. 

Finally, A2744 is located on the edge of the South 
Galactic Plane coverage of the wi de-he ld P ACS o bservations 
from H-ATLAS (PI: S. Eales: [Eales et all l2010l l . The sur¬ 
vey was completed in parallel (PACS+SPIRE) mode a nd 
achie ved a 5<r depth at 100 pm of ~120 mjy (llbar et alj 
l2010h . As this is very shallow compared to HLS we do not 
include the data in our co-added map (hence it is ignored in 
Table [2]). The H-ATLAS PACS data for the A2744 parallel 
held (not covered by HLS), contain no detections. 

Regardless of origin, all PACS data were reduced ho- 
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mogeneously. Calibrated time-stream data (level one frames) 
were taken directly from the Herschel archive and processed 
by UniHi pe to produc e fits f iles in the format required by 
Unimap llPiazzo et al.ll2012l . l2015ll . Unimap employs a Gen¬ 
eralised Least Squares (GLS) method to produce the final 
maps (combining all OBSIDS), and includes a second time¬ 
line deglitcher, detection and correction for detector signal 
jumps, and an advanced drift removal via an Alternate Least 
Square method. This algorithm has several advantages com¬ 
pared to the naive map-maker photProject (the erstwhile 
standard for archive products), as it removes the need to 
filter 1/f noise drift in the PACS bolometers: 1) variations 
in background flux are conserved rather than smoothed; 2) 
source fluxes are not truncated, removing the need to mask 
known sources and allowing blind PSF-fit photometry with¬ 
out using correction functions; 3) all turnaround data can 
be used, including those observed at zero scan speed, which 
increases the depth at the edge of the map. 

The final PACS images extend to a radius of ~4-5 ar- 
cmin from each cluster core. Generally this only covers the 
central HFF footprint, although three galaxies on the in¬ 
ner edge of the parallel fields are also just within the PACS 
maps. The beam sizes have FWHM = 5.2, 7.7 and 12 arcsec 
at 70, 100 and 160 /im respectively. The sensitivity of our 
prior-based flux catalogues (see Section [372]) at the centre of 
the PACS maps are given in Tabic [3] 

2.1.2 SPIRE 

SPIRE operated at 250, 350 and 500 /im simultaneously, 
and achieved confusion-limited depth in a very short time. 
Four HFF clusters were part of the HLS OTKP programme, 
consisting of 20 repetitions in large scan map mode, each 
with two 4-arcmin scans and cross-scans (per cluster, f 0 b s = 
1.7 h). SPIRE coverage of M0416 is from HLS OT2, and 
was achieved via a 10-repetition small scan map (1 scan and 
one cross-scan of 4 arcmin length; t 0 b s = 0.4 h). The result¬ 
ing map is a little smaller and shallower than the original 
HLS observations. A370 was included in the KP GT Herschel 
Mult i-tiered Extragalactic Survey (HerMES; lOliver et alJ 
l2012h . and the data combines eight small scan maps (6 repe¬ 
titions each) and three large scan maps (1 repetition, 7 scans 
and 7 cross-scans of 38 arcmin length). The overall SPIRE 
observing time for A370 was t 0 b s = 3.5 h, but due to the 
wider footprint this corresponds to a similar central depth 
as the HLS maps. H-ATLAS par allel mode SPIRE obs erva- 
tions (5 <j at 250 pm ~ 33 mJv: [Clements et al.ll2ololi also 
cover A2744, but are ignored as the shallow data contribute 
nothing extra to the confusion-limited HLS. 

For all six clusters, images w ere produ ced via the stan¬ 
dard reduction pipeline in Hipe (I0tt)l20icih vl2 (vl2.2 cal¬ 
ibration product) with median baseline removal and de¬ 
striper. Including all turnaround data, the final SPIRE im¬ 
ages extend to a cluster centric radius of ~10 arcmin (HLS 
OTKP), ~7 arcmin (M0416) and ~30 arcmin (A370). In all 
clusters except M0416, both central and parallel footprints 
are covered. For M0416, one third of the parallel field falls 
outside of the SPIRE image. The beam sizes are large (18, 
25, 36 arcsec, respectively) and all th ree bands are confu - 
sion limited (5cr con f ^ 28, 32, 33 mJv: lNguven et al]|2010h . 
However, this confusion limit assumes that the local source 
density is unknown, but with a prior knowledge of source 


Table 3. Median 5 <7 depth (in mjy) of the prior-based Herschel 
catalogues within the central HFF footprints. 


Cluster 

PACS 

70 

PACS 

100 

PACS 

160 

SPIRE 

250 

SPIRE 

350 

SPIRE 

500 

A2744 

- 

4.5 

8.8 

13.9 

14.9 

13.0 

A370 

- 

4.1 

8.3 

13.9 

17.2 

14.0 

M0416 

- 

4.3 

8.0 

17.5 

14.6 

15.5 

M0717 

- 

4.5 

8.5 

18.6 

17.9 

17.7 

M1149 

7.3 

4.5 

8.6 

14.9 

15.2 

17.8 

AS1063 

3.1 

4.7 

8.2 

16.2 

17.1 

17.5 


distribution from shorter wavelength data (see Section T3. 2 II . 
we reach a significantly lower flux limit in the central fields 
(see Table [3]). 

2.2 Infrared ancillary data 

The prior-based photometry method described in Section 
depends heavily on observations from the Spitzer Space 
Telescope. The IR SED fitting procedures in Section [TT] use 
all available IR photometry A > 3 pm. Here we briefly de¬ 
scribe IR imaging that originates from facilities other than 
Herschel. 

2.2.1 Spitzer 

Spitzer data for HFF were extracted from the Spitzer Her¬ 
itage archive0For IRAC, we started from the reduced, flux- 
and-WCS calibrated images provided in the archive as ‘cor¬ 
rected Basic Calibrated Data’ (cBCD) and mosaic them 
togeth er using the procedure developed by iHuang et al.l 
J2004ll . This procedure includes pointing refinement, dis¬ 
tortion correction, drizzling to a scale half of the original 
(~0.6 arcsec pixel -1 ) and correction of detector artefacts 
(most noticeably, mux-bleeding). In the case of MIPS, we 
started from the post-BCD products downloaded from the 
archive and used Mopex vl.8 for the flat fielding, jailbar 
removal and mosaicking. We used a pixel scale of 1.2 arc¬ 
sec pixel -1 . 

All six cluster centres are covered by imaging in the 
3.6 and 4.5 /im IRAC bands (beam size of 1.7 arcsec), with 
median 5 a sensitivities of ~1.7 and ~1.6 /iJy respectively. 
Four clusters are also observed using the IRAC 5.8 and 8 /tm 
channels (beam size of 1.7, 1.9 arcsec), yielding a median 5 a 
depth of ~5.2 /tJy, and by MIPS 24 pm (6 arcsec beam diam¬ 
eter) with a median 5 a sensitivity of ~90 /tJy. The parallel 
fields unfortunately have a less uniform Spitzer coverage, 
with the details described in Table [T] 

The heterogeneity results in no attempt by this study 
to derive stellar masses from the NIR. We defer this aspect 
to future analyses, which will be able to employ the deeper, 
homogeneous IRAC observations currently underway. 

2.2.2 WISE 

The four-ba nd, all-sk y WISE mission covers 3.4, 4.6, 12, 
22 pm (I Wright et al.|[201(il j. Imaging and catalogues for all 

3 http://irsa.ipac.caltech.edu/applications/Spitzer/SHA 
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of the HFF footprints were obtained from the NASA/IPAC 
Infrared Science Archive (IRSA) 0 Sensitivity in each band 
varies across the sky, but is typically 0.25, 0.35, 3.0, 18.0 mjy 
(5 <t), with beam sizes 6.1, 6.4, 6.5, 12 arcsec (PSF FWHM). 
Source blending within the 12 arcsec beam at 22 pm is a 
major issue, and we generally disregard fluxes in this band 
for SED fitting. 


2.3 Counterpart ancillary data 


2.3.3 Spectroscopy 


Many of the spectroscopic redshifts us ed with in this study 
are from large public co mpilations: [O wers et ali (120111 ) 
for A2744 (11 redshifts). I Wold et all ( 20121 ) for A370 
(12). lEheling. Ma V Barrett! d2014h for M0 416, M0717 and 
M1149 (23 in total) and lComez et alJ (120121 ) for AS1063 (7). 
Several further publications provide individual redshifts, as 
noted in the catalogue tables. 

We also present 33 previously unpublished redshifts: 


Knowledge of the source redshift is a pre-requisite for the 
derivation of magnification and intrinsic physical properties 
from IR SEDs. Redshifts are generally obtained from opti¬ 
cal data, so we identify a candidate optical counterpart for 
each IR source on a best-effort basis (Section 0. Here we 
briefly describe the imaging and spectroscopy relevant to 
that process. 


2.3.3.1 HST grism Our catalogue includes 19 spectro¬ 
scopic redshifts from our own reduction of the publicly avail¬ 
able HST data of the Grism Lens - Amplified Survey from 
Space (GLASS : ISchmidt et al.ll2014l : IWang et al.ll2015l ). cov¬ 
ering the central ~2x2 arcmin of e ach cluster. The HS T 
grism data were reduced using aXe dKiimmel et al.l f2009l ). 
and multiple visits were drizzled together using MultiDriz- 
zle, with the routine tweaksiiifts determining offsets. 


2.3.1 HST imaging 

The fully completed HST Frontier Fields programme 
will comprise seven-band observations from ACS (F435W, 
F606W and F814W) and WFC3 (F105W, F125W, F140W, 
F160W). The wider field ACS images (~ 3.4 x 3.4 arcmin) 
define our area of interest. Smaller (~ 2.0 x 2.3 arcmin) 
WFC3 footprints are concentric with the ACS coverage, and 
are useful for probing the redder sources often associated 
with Herschel flux. 

At the time of writing, HFF observations for A2744, 
M0416 and M0717 are complete, while M1149, A370 and 
AS1063 are due to be concluded by Cycle 22 (2015-16). For 
counterpart identification, we use the best available HST 
imaging taken directly from the Hubble Legacy Archive^ 
We defer to a future paper HST- derived homogeneous pho¬ 
tometric redshifts, stellar masses and morphologies, as this 
will be possible only when the full HFF observing program 
is complete. Section [2.3.41 details the heterogeneous photo¬ 
metric redshifts that we do employ in this study. 


2.3.2 VLA 

A useful stepping stone in counterpart identification is 
broadband radio interferometry, which probes the same star 
formation dominated sources as Herschel with arcsec-scale 
spatial resolution. 

M0416, M0717 and M1149, are covered by public Jan¬ 
sky VLA 3 GHz (~10 cm) imaging data (programme ID: 
VLA/13B-038, PI: M. Aravena). The resulting maps eas¬ 
ily cover HFF central and parallel footprints, with restored 
beam sizes (FWHM) of 2.5x1.9, 1.8x1.0 and 1.8x1.0 arcsec 
respectively and a 5<r sensitivity limit of ~6 pjy beam -1 . 
For A370, we use the VLA 1.4 GHz(~21 cm) source cat¬ 
alogue presented in IWold et al.l (12012 ). which covers both 
HFF footprints within a 40x40 arcmin field. The map has 
a synthesised beam of 1.8x1.6 arcsec, and a 5<r noise of 
~30 pjy beam -1 for the HFF centre. 


2.3.3.2 LBT/MODS Optical specta for 13 objects in 
M0717 (2 masks) and M1149 (1 mask) were obtained using 
the 6x6 arcmin FoV LBT/MODS on 19 January 2013 and 
8 April 2013. MODS was used in the grating mode with res¬ 
olutions of 1850 (blue channel) and 2300 (red), pixel scales 
0.120 arcsec pixel -1 and 0.123 arcsec pixel -1 , and a com¬ 
bined wavelength range of 3200-10500 A. The average seeing 
was between 0.57-0.97 arcsec. Data reduction used modsC- 
CDred and m odsIDL0 with sky-subtraction based on the 
iKelsonl (120031 ) 2D B-splines algorithm, reducing residuals 
from skylines and minimizing noise in the spectra. 


2.3.3.3 Magellan/IMACS One spectrum is derived 
from optical observations of A370 obtained using the Mag- 
ellan/IMACS f/4 camera on 5 September 2013. The 150 
lines/mm grating provides a dispersion of 1.453 A pixel -1 
and covers a wavelength range of 3650-9740 A. IMACS f/4 
has a 15.4x15.4 arcmin FoV with a pixel scale of 0.111 ar¬ 
cmin pixel -1 . The average seeing during the observation was 
0.68 arcsec. We employed the COSMOS data reduction pack¬ 
age rtDressIeret_alJ_ 2011). which includes sky-subtraction 
based on the Kelson (20031 ) algorithm. 


2.3.4 Photometric redshifts 

Four of the Frontier Fields (M0416, M0717, M1149, AS1063) 
are included in the Cluster Le nsing And Supernova Sur¬ 
vey with Hubble (CLASH: IPostman et al] 120121 ). Optical 
counterparts in these clusters without a spectroscopic red- 
shift rely on well-constrained CLASH photometric redshifts, 
based on 16-band HST p hotometry or 5-8 band 8 m-class 
ground-based imaging (lUmetsu et alJ 12014). We direct the 
reader to the above papers or data archive j for further de¬ 
tails. 

We do not attempt to produce our own optical photo¬ 
metric redshift estimates for the remaining clusters as the 
complete merging of all optical/NIR ground-based observa¬ 
tions will be presented in future papers. However, for coun- 


4 http://irsa.ipac.caltech.edu/Missions/wise.html 

5 http://hla.stsci.edu/ 


6 http://www.astronomy.ohio-state.edu/MODS/Software 

7 https://archive.stsci.edu/prepds/clash/ 
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terparts without either a spectroscopic or CLASH photo¬ 
metric redshift, we use an “IR photometric redshift” esti¬ 
mate, described in Section T4. 4. II 


3 MERGED IR FLUX CATALOGUE 

In this section we describe the band-merged photometry 
methodology, culminating in the presentation of our Her- 
schel flux catalogue for HFF. 

Band-merged catalogues in the wavelength range cov¬ 
ered by WISE, Spitzer and Herschel were produced within 
the Rainbow Cosmo logical Surveys Database framework 
rtPerez-Gonzalez et alJ 120081 '). Photome tric extract ion fol¬ 
lows the method described in IPerez-Gonzalez et al.1 (|2010T ) . 
The same procedure was followed for each cluster. 

3.1 Image alignment 

Herschel maps were aligned to Spitzer astrometry using a 
global x-y offset based on a stack of the brightest few tens of 
Herschel point sources. In reality, the offset was only calcu¬ 
lated for PACS 100 and SPIRE 250 /urn, as the well-known 
Herschel optical models ensure that offsets between bands 
of the same instrument are well calibrated. Hence we ap¬ 
plied the same offset for both PACS bands and a second 
one for all three SPIRE bands. At 500 pm, this assump¬ 
tion is crucial, as the large beam size and small number of 
sources within the Spitzer- observed regions render a direct 
offset characterisation very uncertain. Generally, the offsets 
required to align pipeline Herschel images to the Spitzer as¬ 
trometry are small, with a mean of 1.1 and 1.6 arcsec for 
PACS and SPIRE respectively (c.f. FWHM >5 arcsec). 

We also tested the application of a more elaborate trans¬ 
formation to the Herschel imaging, including stretch and 
rotation as well as offset. However, the final maps were neg¬ 
ligibly different, the degree-of-freedom was worryingly high 
for the number of available reference points, and the band- 
to-band transferal of the transformation was significantly 
more complicated. Therefore we decided to adopt the sim¬ 
pler x-y-offset transform. 

3.2 Multi-band photometry 

Photometric extraction in the Herschel bands rely on prior 
catalogues from the bluer, and higher-spatial resolution, 
Spitzer IRAC and MIPS imaging. Therefore, we begun 
by creating 3 a direct-detection catalogues for each Spitzer 
band in turn, using an iterative aperture photometry tech¬ 
nique. Each pair of Spitzer catalogues were merged via a 
simple counterpart algorithm, using a maximum search ra¬ 
dius of the largest PSF FWHM in the pair, to produce a 
master IR AC/MIPS catalogue. The IRS A WISE catalogue 
was trivially linked to the IRAC/MIPS catalogue by finding 
the nearest IRAC-VF/SE source pairs. 

Photometry for each Herschel image used a simultane¬ 
ous PSF-fitting algorithm, allocating FIR flux in each band 
to shorter-wavelength priors. While this method is very good 
at de-blending close, but ultimately resolved complexes of 
Herschel flux, the large number of priors from deep IRAC 
imaging runs the risk of incorrectly de-blending Herschel 
point sources into several constituent parts. To avoid the 


latter, we replaced close (sub-Herschel PSF FWHM) groups 
of Spitzer sources with a single ‘pseudo-source’, correspond¬ 
ing to the position of the brightest source in that group. 
For each group, the number (‘multiplicity’) and identity of 
all sources is propagated through the scripts. The choice of 
position for a pseudo source is ultimately not significant, as 
we also allowed small offsets within the simultaneous PSF 
fitting mechanism. Furthermore, although we start with the 
location of the brightest grouped source for the prior-based 
fit, that does not influence which IRAC source we ultimately 
select as the counterpart (see below, and Section [4j). 

We began with PACS 100 pm, as the band with the best 
combination of spatial resolution, sensitivity and coverage 
for all clusters. We adapted the Spitzer prior catalogue by 
grouping sources within 5 arcsec diameters of each other and 
then proceeded with the simultaneous PSF fitting, allowing 
for small offsets necessary due to the effect of different pixel 
sizes. Fluxes were derived via aperture photometry on the 
fitted PSF, allowing us to use the same aperture and correc¬ 
tions as for a direct detection. The resulting catalogue auto¬ 
matically includes prior information for each PACS source, 
and where a ‘pseudo-source’ is allocated PACS flux, all po¬ 
tential counterparts are recorded. For sources detected by 
PACS but too faint for, or beyond the coverage of, Spitzer, 
we also produced a list of direct-detections based on the 
residual image, ie the remaining 100 pm sources after all 
the fitted flux has been removed. Flux was measured using 
aperture photometry and the direct detections were added 
to the PACS 100 pm photometry catalogue and flagged. 

The full procedure was then repeated for 70 and 160 pm, 
using the PSF FWHM to define the Spitzer prior catalogue 
grouping diameter. After completing the simultaneous fit¬ 
ting and direct detection stages, we merged the independent 
PACS catalogues. First we matched common IRAC/MIPS 
priors and psuedo-sources, and then used a search radius of 
4 arcsec to match the remainder. For PACS sources unde¬ 
tected in one or two other PACS band, we force photometric 
measurement in the residual images. 

For the SPIRE bands, the same iterative procedure was 
applied, varying the prior catalogue grouping scale to corre¬ 
spond with the SPIRE PSF FWHM. The only other differ¬ 
ence is the inclusion of the direct-detection PACS sources 
in the prior catalogue (in effect a merged Spitzer/ PACS 
prior list). Once a catalogue was produced for each of the 
three SPIRE bands independently (including the direct de¬ 
tection step on the residual maps), we proceeded with the 
SPIRE-band merging, following the example of the PACS 
bands, with forced photometry in the cases of single-band 
non-detections. 

The prior-based methodology helps to de-blend con¬ 
fused Herschel sources, and ensures a straight-forward com¬ 
bination of the inter-connected IRAC, WISE, MIPS, PACS 
and SPIRE catalogues. Furthermore, multiple possible pri¬ 
ors from the grouping procedure can often be reduced to 
a single dominant prior by accounting for the location of 
intermediary MIPS or PACS flux and/or the inferred SED. 
For example, most SPIRE sources have a single PACS coun¬ 
terpart, which in turn corresponds to a single MIPS source, 
which itself has one plausible IRAC counterpart (based on 
flux or SED shape). So although several IRAC sources may 
have been included within the grouping for a SPIRE source, 
the intermediate bands suggest a unique counterpart. 


© 2015 RAS, MNRAS 000, []]-?? 












Complete census of Herschel sources within HFF 7 



Figure 1. Herschel imaging for the HFF central regions: PACS 100 p m ( left of pair) and SPIRE 250 pm (right of pair). HFF footprints 
are marked in red (WFC3) and blue (ACS). Herschel- detected sources are highlighted by magenta squares. 


Table 4. Observed PACS and SPIRE fluxes for Herschel- detected sources within the HST Frontier Fields. 


ID (ref) 1 

Field 2 

Sro 

mJy 

Sioo 

mJy 

S , 160 

mJy 

£250 

mJy 

5350 

mJy 

£500 

mJy 

HLSJ001412.7-302359 (P) 

A2744 C 

- 

5.2 ± 0.9 

10.5 ± 1.8 

13.1 ± 2.9 

6.8 ± 3.0 

- 

HLSJ001415.3-302423 (P) 

A2744 C 

- 

5.6 ± 0.8 

10.2 ± 2.1 

14.8 ± 2.8 

- 

- 

HLSJ001416.7-302304 (P) 

A2744 C 

- 

2.5 ± 0.6 

7.5 ± 1.3 

- 

- 

- 

HLSJ001416.5-302410 (P) 

A2744 C 

- 

7.2 ± 0.9 

11.8 ± 1.6 

9.8 ± 5.5 

8.4 ± 5.9 

6.3 ± 9.2 

HLSJ001418.5-302246 (P) 

A2744 C 

- 

7.6 ± 0.9 

12.4 ± 1.6 

12.6 ± 3.3 

6.3 ± 2.8 

- 

HLSJ001417.6-302301 (P) 

A2744 C 

- 

25.5 ± 2.1 

62.4 ± 5.1 

66.1 ± 5.2 

47.5 ± 4.8 

21.5 ± 4.8 

HLSJ001418.5-302448 (P) 

A2744 C 

- 

4.5 ± 0.9 

11.9 ± 1.6 

18.5 ± 2.6 

14.2 ± 2.9 

8.1 ± 2.6 

HLSJ001418.0-302529 (S) 

A2744 C 




7.7 ± 2.3 

12.1 ± 3.4 

14.2 ± 3.3 


[Note: The full table is published in the electronic version of the paper. A portion is shown here for illustration.] 

1 Herschel ID derived from PACS (P) or SPIRE (S) catalogue position 

2 C=central region; P=parallel 


3.3 HFF Herschel flux catalogue 

Our primary goal is to create a Herschel catalogue within 
the HFF footprints, so every source beyond the ACS image 
boundarie^j is ignored. 


8 http://www.stsci.edu/hst/campaigns/frontier-fields/HST- 
Survey 
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Figure 2. Herschel SPIRE 250 pm imaging for the HFF paral¬ 
lel fields (markings as in Figure [lj. Regions beyond the SPIRE 
coverage are shaded yellow. 


The only other selection criterion concerns the defini¬ 
tion of u Herschel- detected”: any source having at least two 
>4 CT-significance Herschel fluxes, regardless of filter or de¬ 
tection by any of the ancillary facilities. We stress that by 
simultaneously fitting to priors, we will account for and re¬ 
move fainter (<4 ct) Herschel source flux from the fluxes of 
brighter galaxies, even if they themselves are not included 
in the final catalogue. However, we caution that we may be 
bias against the faintest, reddest IR sources which exhibit a 
dust continuum peak at SPIRE 500 /im or beyond and are 
extremely faint in bluer Herschel bands. 

The final catalogue contains 263 Herschel-detected 
sources, 187 within the central regions and a further 76 
within the parallel footprints. The difference in source den¬ 
sity (the two footprints have equal area) can be trivially 
linked to the lack of Spitzer and PACS coverage for large 
parts of the parallel fields, meaning that detection of a Her¬ 
schel source relies on SPIRE alone. Figures |Tj and [2] identify 
the sources in PACS (for central footprints) and SPIRE (for 
both footprints). Herschel fluxes are presented in Table [4] 

There are 230/263 catalogue sources with a Spitzer 
counterpart and 131/263 detected by WISE (112 overlap). 
Of the Spitzer sources, 146/230 have both PACS and SPIRE 
detections, while 36 are only detected in PACS and 48 by 
SPIRE alone. The mean grouping ‘multiplicity’ of the priors 


for the PACS sources is ~1.3, which indicates that match¬ 
ing PACS to IRAC is relative trivial. For the SPIRE sources 
this mean multiplicity rises to ~3.4. 

The 33/263 sources without a Spitzer counterpart are 
almost exclusively located beyond the available IRAC and 
MIPS coverage, and are direct-detections in either PACS or 
SPIRE. Only two were direct detections in PACS, and both 
are also detected by SPIRE. One of those (HLSJ001401.3- 
302224 in A2744) lies just beyond the Spitzer imaging and 
just inside the PACS coverage, but is well detected by 
WISE. The other (HLSJ041606.6-240528 in M0416) is lo¬ 
cated within the core of the cluster, in a region densely 
populated and extremely blended in IRAC (and also in 
WISE). This is the only case for which we were unable to 
extract IRAC photometry for a Herschel source within the 
IRAC image bounds. Unfortunately, MIPS is unavailable for 
M0416. 

The remaining 31 sources are SPIRE direct-detections 
in the parallel fields beyond current IRAC, MIPS or PACS 
coverage. 18/31 are detected by WISE. Therefore, only 
14/263 Herschel sources (1 PACS + 13 SPIRE) lack near- 
infrared counterparts and SED information between 1 
70 /im. Pre-empting the next section, it is worth noting here 
that despite the lack of Spitzer or WISE data, two of these 
14 sources have VLA (and hence secure HST) counterparts, 
and a further five have unambiguous HST associations. 


4 COUNTERPART ANALYSIS 

Analysis of the intrinsic properties (e.g. IR luminosity, dust 
temperature) of Herschel sources relies on a knowledge of 
the redshift. This is particularly true for background objects, 
as the magnification factor (/x) is also a function of redshift 
behind the lensing mass. 

We therefore attempt to provide a best-effort ‘value- 
added’ catalogue for the sources detected by Herschel, iden¬ 
tifying the most likely optical counterpart, which in turn 
leads to redshift information. 


4.1 Counterpart identification 

For each IR source we locate the best optical counterpart us¬ 
ing a variety of techniques and all available data. The first- 
guess counterpart for many Herschel sources was the HST 
object at the position of the prior-based IRAC source. For 
the three clusters with complete HFF HST images (A2744, 
M0416 and M0717), Figures [3][5] highlight that there is 
an obvious optical counterpart for many of the Herschel- 
detected sources. We verify these by ensuring that the IR 
SED (i.e. dust peak and temperature) is reasonable when 
assuming that the IR source is at the optical redshift. We 
similarly eliminate other nearby optical sources as potential 
candidates. 


Previous work on optical- FIR source match¬ 
ing has empl oyed a simi la r ap pr oach to ou r PSF 


fitting (e.g. Hwang et al. 201(3; Elbaz et al. 

l20ll|; 

Dominguez Sanchez et al. 20141; Panoalardo et al 

2015). 

Working with the larger GOODS catalogues, Elbaz et al. 

kept only fluxes that were considered reliable by 

a ‘clean 


index’, somewhat similar to our ‘multiplicity’ in that it en¬ 
capsulates the number of prior sources within the Herschel 
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Figure 3. HST 3-colour image of the A2744 central field, with footprints as in Figurc[l]and lensing critical lines for background sources 
at z = 1 given in cyan (from the CATS models; see Section 14.31 ). Herschel -detected sources are shown by circles (corresponding to the 
PACS PSF FWHM ~ 8 arcsec) and show many counterparts are readily identifiable. Circle colours indicate the origin of the counterpart 
redshift: green=spectroscopic, white=CLASH optical photometric, magenta=IR-based estimate. 


PSF FWHM. However, the small size of the HFF sample 
allowed us to individually examine each source, and find 
the best candidate counterpart for each. This is particularly 
important for sources in which the shortest-wavelength 
(i.e. highest resolution) Hershel flux originated from a 
‘grouped’ Spitzer counterpart; we do not want to just use 
the brightest IRAC source. Instead, we consult the imaging 


and SED to choose the best fit counterpart, as described in 
Section m When multiple potential counterparts are at a 
similar on-sky position but different redshift, the shape of 
the IR continuum (discussed in Section [4.411 can be used as 
an effective discriminator. 

Furthermore, we do not just use the IR SED and HST 
imaging to identify the candidate counterpart. As mentioned 
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Figure 4. HST 3-colour image of the M0416 central field. Layout as in Figure[3] 


in Section 12.3.21 high spatial resolution radio observations 
offer a valuable additional constraint on the origin of the 
IR emission, often allowing us to pinpoint th e responsibl e 
HST counterpart or ev en sub-component (IThomson et al.l 
l201fil : [Ceach et aD^Oliil l. 91 Herschel sources have an asso¬ 
ciated radio detection, from 187/263 located within available 
VLA maps. We use these to successfully validate our cho¬ 
sen HST /IRAC counterpart, and find very few mismatches. 
We estimate that of the remaining 172 Herschel -detected 


sources, the counterpart of <5% would change given addi¬ 
tional VLA observations (such as the upcoming HFF pro¬ 
gramme, PI: Murphy). Such future refinements will be ap¬ 
plied to the online version of our “value-added” Herschel 
catalogue as required. 

We emphasise here the prior-based source extraction, 
“by-eye” multi-wavelength counterpart matching (including 
radio data) and optical-IR SED fitting were not executed 
sequentially or in isolation. The best counterpart for each 
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Figure 5. HST 3-colour image of the M0717 central field. Layout as in Figure[3] 


individual Herschel source was selected based on all of the 
available information simultaneously. 


type of redshift, while Figures [3]O also indicate their origin. 
We discuss the distribution of redshifts in Section EU 


4.2 Counterpart redshift 

In this paper, the counterparts are primarily used to yield 
a source redshift. More than 40% (112/263) have spectro¬ 
scopic redshifts, taken from various studies (as described in 
Section 12.3.311 . A further 89 have well-constrained photo¬ 
metric redshift estimates from the multi-band CLASH cata¬ 
logues (see Section [2. 3. 41) . The remaining 62 sources have a 
redshift estimated from the best-fitting IR SED templates, 
which is described further in Section [4.4.II This will be up¬ 
dated in the online “value-added” catalogue as spectroscopic 
surveys target further Herschel counterparts. Table [5] pro¬ 
vides a full breakdown of the number of sources with each 


4.3 Magnification factors 


Sources within the foreground or associated with the cluster 
itself (typically taken as a < z c l + 0.1) are assumed to have 
a zero magnification. 

Recent years have seen a huge effort to constrain lensing 
models for the Frontier Fi elds. Within the central areas, we 
employ the CATS mode ls lljauzac et al.ll201^ : I Richard et al.l 
12014 Ijauzac et alJ l20 14h derived using t he publicly available 
Lenstool package ( Julio fe Kneibl2009l 'l. Within CATS, the 
cluster mass is represented by a combination of two types 
of component: (1) known cluster galaxies, with spectroscop¬ 
ically confirmed redshifts and masses scaled from their lu¬ 
minosity, (2) one or more large-scale, smooth haloes. The 
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Table 5. Number of sources within each HST footprint, binned 
by the origin of the counterpart redshift. 


Cluster 

S 1 

Central 

P 2 IR 3 

Tot 

S 1 

Parallel 
P 2 IR 3 

Tot 

Total 

A2744 

15 

1 

9 

25 

3 

0 

10 

13 

38 

A370 

26 

0 

14 

40 

2 

0 

9 

11 

51 a: 

M0416 

10 

16 

2 

28 

0 

7 

0 

7 

35 il 

M0717 

17 

16 

0 

33 

3 

10 

0 

13 

46 £ 

Ml 149 

23 

16 

0 

39 

2 

14 

0 

16 

55 N 1 

AS1063 

11 

9 

2 

22 

0 

0 

16 

16 

38 

Total 

102 

58 

27 

187 

10 

31 

35 

76 

263 


1 Spectroscopic redshift 

2 CLASH HST or Subaru photometric redshift 

3 IR SED redshift estimate 


models were refined by comparing predictions to the known 
sets of well-constrained multiple images in each cluster. The 
CATS lens models cover a 5.3 x 6.1 arcmin area. 

We compare the CATS-derived magnifications with 
those from the “light- t races- mass” models based on the 
method of IZitrin et al.l (12009! ). We find a good agreement 
between Zitrin and CATS, with a median difference in the 
magnification factor of A/r ~ 0.1 (mis dispersion ~0.5). 

In the parallel fields, we are forced to use the 
low-resolution ; wide-field initial solution from SaWLens 
ijMerten et al.ll2009l . 1201 il l , which is a non-parametric model 
based on strong and weak lensing. In the central regions, 
where a direct comparison is possible, CATS and SaWLens 
also agree well, with a median difference in magnification 
for our sources of A p < 0.1. In the outer regions, magnifica¬ 
tion factors are generally less well-constrained, but are also 
typically small (p- ~ 1). 

4.4 IR Spectral Energy Distributions (SEDs) 

Derivation of the physical properties requires an IR model 
template fit to the dust emission continuum. 

Template fitting is executed in the rest-frame, with ob¬ 
served (image plane) fluxes (ie uncorrected for magnifica¬ 
tion), as presented in the SED figures later in this section. IR 
properties, however, are given in the source plane: intrinsic 
values corrected for magnification. We assume that differ¬ 
ential (wavelength-dependent) effects are negligible. All un¬ 
certainties for output properties are bootstrapped via 1000 
Monte Carlo simulations based on the estimated errors in 
flux, redshift and template-to-template variation. 

4-4-1 IR redshift estimate 

For all sources, we first estimate an approximate redshift 
(Zphot-FiR.) from a modified blackbody with a specific char¬ 
acteristic dust temperature (Taust)- Rather than assum¬ 
ing the same temperature in every case, we attempt to 
soften the temperature-r edshift degeneracy using the best¬ 
fitting [Rieke”et)ai] J2009ll template. The technique is possi¬ 
ble because the templates exhibit a skewness which varies 
smoothly with temperature. Hence, the best fit skew gives 
a coarse temperature estimation. 

Figure [6] demonstrates the validity of this method, 



0 12 3 


z best 

Figure 6 . Comparison of the FIR redshift estimate (z p hot_FlR) 
with spectroscopic (large red circles) and optical photometric 
(small blue circles) counterpart redshifts. Black contours visu¬ 
alise the joint distribution of both these populations. Generally, 
the FIR estimate is reasonable, showing a scatter of Az^0.3. 
Grey crosses show the 61/263 sources for which we use Zbest = 
2 phot_FlR- This is solely to show the relative range of redshifts 
for sources without a good estimate, and they are of course not 
included in the scatter estimates. 


comparing z p hot_FiR to available spectroscopic (or well- 
constrained optical photometric) redshifts. For many 
sources, the FIR.-derived redshift is reasonably good, 
with a mean scatter in the offset of ~0.3, equating to 
5z P hot_FiR/(l + 2 sp ec) ~ 0.40. This is not dissimilar to the 
uncertaint y estimated by p revio us attempts at IR-based red¬ 
shifts, e.g. iPearson et all (12013!) . Several of the most obvious 
outliers result from poor dust peak sampling, which hinders 
quantification of the skewness. For instance, the two spec¬ 
troscopic sources with over-estimated z p hot_FiR are at low 
redshift (zbest ~ 0.3) and are within a parallel field which 
lacks the PACS coverage to adequately constrain the con¬ 
tinuum peak. Their temperature is estimated to be higher 
than it should, resulting in a correspondingly higher redshift 
as well. 

For the 62 sources without a spectroscopic or well- 
constrained (CLASH) optical photometric redshift, we use 
z P hot_FiR when deriving intrinsic properties. We visually in¬ 
spect the SEDs of all these sources to ensure that the IR 
continuum templates at the specified redshift are a close fit 
to the observed NIR (e.g. IRAC) photometry. For sources 
outside Spit-zer coverage (such as the two sources highlighted 
above), the WISE photometry has insufficient precision to 
discriminate between different redshifts. 

Sources for which Zbest = z P hot_FiR are flagged in our 
value-added catalogue, and whilst z p hot_FiR appears well- 
behaved, we would still caution against their use for critical 
applications (such as ALMA spectral set-up). 
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4-4-2 Characteristic dust temperature 

The characteristic dust temperature (Td UH t) of the IR com¬ 
ponent is calculated via the best-fitting single-temperature 
modified blackbody. Dust heating by the Cosmic Microwave 
Background is assumed to b e negligible, which is reason- 
able for sources at z < 4 (Ida Cunha et al.l l2013lf . Dust 
temperature is degenerate with th e emissivity index /3 (e.g. 
iBlain. Barnard fe ChapmaiJl2003l '). and we assume /3 = 2.0. 
Using ft = 1.5 would systematically increase Td us t by ~10%. 

Dust temperature is also degenerate with redshift, and 
the two values are inextricably linked for sources with only a 
2 P hot_FiR (Tdust is used by the estimation technique). There¬ 
fore, for those 62 sources, we simply give the coarse Td us t 
estimate described in Section 14.4.11 


4.5 ‘Value-added’ IR properties catalogue 

In Figure [7] we provide a selection of SEDs to illustrate the 
observed data and the derivation of intrinsic properties. The 
examples originate from all 6 clusters (both central and par¬ 
allel fields), are at varied redshifts (taken from spectroscopy, 
optical photometry and IR estimation) and exhibit a range 
of photometric completeness. An example of a source with 
a non-negligible AGN component is also included. Several 
of the most interesting SEDs are deliberately not shown in 
Figure [7] as they are discussed individually in Section [5] 
The derived intrinsic properties for all 263 Herschel- 
HFF sources are listed in Table [S] We defer the derivation 
of stellar masses to a later paper, when fully homogenised 
optical- IR. SEDs are available. We remind the reader that 
the online version of this catalogue will be updated as further 
spectroscopic redshifts become available. 


4-4-3 Star formation rate (SFR) 

The tota l IR luminosity (Tir) is derived from the best-fitting 
iRieke et al.l (120091 ') template to the Herschel fluxes, allowing 
for an overall normalisation parameter. Following the stan¬ 
dard definition of Lir, we integrate over the rest-frame wave¬ 
length range A = 8 — 1000 (im. The SFR estimate follows 
d irectly via the Kennicuttl d 1 9981 ) relation, modif ied to match 


Kroupa| ll2002l ')-Iike initial mass function as in IRieke et al.l 


d2009ll FI Note that we do not make a correction for unob¬ 
scured SFR. 

For all sources, we also c alculate SF R. via a n identical 
integration of the best-fitting [Berta et al.l J2OI3I') template 
to all available IR photometry. The SED figures throughout 
this paper show th e best-fit tem plat e and derive d SFR pa¬ 
rameters from both IRieke et all and lBerta et al.l . We find a 
good agreement between the two derived SFR.s: a median 
discrepancy of 0.08 dex and an rms scatter of 0.18 dex. The 
uncertainty introduced by the intrinsic shape of the template 
sets is dominated by the photometric error for all sources, 
while the redshift uncertainty is also significant for those 
without a spectroscopic redshift. For simplicit y, the cata- 
logues tabulate IR. properties derived from the IRieke et ahl 
templates only. 


4-4-4 AGN contamination 


A strong active galactic nucleus (AGN) may artificially 
boost the SFR by contributing flux in the mid-IR. For 
all SEDs with at least one flux measurement in the 20- 
2 00 )jm wave length range, we find the best-fitting sum of 
a |Rleke_eLal] templat e and the mean low-luminosity AGN 
from Mullanev et alJ (1201 il l. 

Very few sources (6) have a non-negligible (>10%) con¬ 
tribution to Lib. from the AGN component. For those, we 
calculate Lir and SFR from the st ar-forming d ust com¬ 
ponent alone (ie integrate only the IRieke et alJ contribu- 
tion). For a i l oth er sources, we revert to the best-fitting 
IRieke et al.l (|2009l l template without the additional AGN 
component. 


9 SFR [Mq yr- 1 ] = 0.66xSFR K9 8 = 1.14xl(r 10 Lir [Lq] 


5 DISCUSSION 

We now present a brief exploratory overview of the Herschel- 
detected population. 


5.1 IR property distributions 

Figure [S] presents the distribution of three properties: red¬ 
shift z, magnification p and IR luminosity Lir. The distri¬ 
butions remain unchanged regardless of the inclusion of the 
sources with only an IR-estimated redshift, supporting their 
general validity. 

In the 2 distribution, a broad peak at z ~ 0.4 domi¬ 
nates the central population, indicating a substantial pop¬ 
ulation of cluster members. Indeed, 49 Herschel sources lo¬ 
cated in the central footprints have a cluster counterpart. In 
the parallel fields, there are only seven. Naively this suggests 
a prevalence of IR-bright cluster galaxies in the core, con¬ 
tradicting the notion that clusters effectively quenc h star- 
formation (e.g. iFadda et al.ll2008l : lHaines et al .11201.51) . How¬ 
ever, there are several important factors we need to take into 
account. First, star-forming galaxies at the cluster redshift 
typically exhibit a dust peak in the PACS bands, and so they 
are less likely to be detected and/or well-constrained in the 
parallel fields with SPIRE imaging only. Second, line of sight 
projection means that the central footprints actually probe 
the full range of cluster radii, and it is virtually impossible 
to say whether a cluster source coincident with the core is 
truly at a low cluster-centric radius. Third, the number den¬ 
sity of all cluster members (SF+quiescent) is much higher 
in the cluster core so the number count of SF members is 
a wo rse tracer of activi ty than e.g. the star-forming frac¬ 
tion (lllaines et al .1 120 T 3 I ) . In total, 56/263 (21%) IR-bright 
sources are identified as cluster members. 

A further 44/263 (17%) of the Herschel detections are 
in the cluster foreground, and are not discussed futher in 
this study. 

The majority of Herschel-detected sources in HFF are 
beyond the cluster redshift (163/263; 62%). They have a 
median redshift of z = 1.0. Two sources are at 2 > 3, 
while a further seven lie at 2 < z < 3. As mentioned in 
Section m we may be bias against the faintest, liighest- 
redshift sources, which would have an IR dust peak in the 
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1 10 100 1000 1 10 100 1000 1 10 100 1000 
observed wavelength / um observed wavelength / um observed wavelength / um 

Figure 7. Example IR SEDs illustrating the observed photometry and fits. In each panel, observed (uncorrected) fluxes are shown 
by open circles: IRAC=cyan, MIPS=grey, WISE= green, PACS=blue, SPIRE=red. Non-d etections (5 cr upper limits) are d enoted by a 
‘ v’. A lso plotted are the best-fitting modified-blackbody (grey dashes), iRieke et alj d2009l) template (black solid line) and lBerta et al] 
(|2013l ) template (orange solid line). Derived IR properties from each of the two template sets (in matching colours) take into account 
the magnification, (shown to the right). Redshifts are spectroscopic (2: spe c), optical photometric (z p hot_o P t ) or IR-derived (^ p hot_FiR5 
see Section run . For SEDs with a fitted AGN component, the two component model and star-formation IR properties are shown in 
purple. 


redder SPIRE bands. These source could be too faint for 
the bluer Herschel bands (PACS and even SPIRE 250 /jm) 
meaning that they are unlikely to be detected in enough 
IR bands to be included in our catalogue. Additional imag¬ 
ing at longer wavelengths (e.g. JCMT/SCUBA-2, ALMA) 
increases the like lihood of i dentif ying these sources, as illus¬ 
trated by e.g. iBoone et al. I Uni) and also by the four high¬ 
est redshift sources in our catalogue, which all have existing 
(sub)-millimetre photometry beyond SPIRE. We return to 
those four sources in Section E2 


While the number of z > 1.2 sources is roughly equal 
in central and parallel regions, the population of back¬ 
ground galaxies at z < 1.2 is significantly larger in the inner 
fields. This is reflected in the median redshift of background 
sources: a = 0.95 in the centre and z = 1.2 for the par¬ 
allel fields. This is likely to result from a combination of 
the limitations of detecting z < 1 sources without PACS 
(or Spitzer) coverage and also the increased lensing power 
within the central regions for the ‘sweet spot’ of magnifica¬ 
tion at 2 ~ 1. 
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Table 6. Optical counterparts for Herschel- detected sources within HFF. Derived properties account for magnification (//). 


ID 1 

Field 2 

RA 3 

Optical/NIR/radio counterpart 
Dec 3 (ref) 3 2 : (ref) 4 

fi (ref) 5 

Lir 6 

log(L/L 0 ) 

SFRir 6 

M© yr- 1 

Ldust 7 

K 

AGN 8 

HLSJ001412.7-302359 

A2744 C 

3.552819 

-30.399785 

(H) 

0.688 (1) 

1.21 (1) 

11.21 ± 0.09 

18.3 ± 3.3 

26.7 ± 1.6 

0 

HLSJ001415.3-302423 

A2744 C 

3.563939 

-30.406277 

(H) 

0.653 (1) 

1.28 (1) 

11.17 ± 0.09 

16.7 ± 3.0 

25.9 ± 1.5 

0 

HLSJ001416.7-302304 

A2744 C 

3.569295 

-30.384239 

(H) 

0.296 (1) 

- - 

10.16 ± 0.12 

1.6 ± 0.4 

19.8 ± 1.8 

0 

HLSJ001416.5-302410 

A2744 C 

3.568938 

-30.402831 

(H) 

~0.5 (2) 

1.30 (1) 

10.88 ± 0.16 

8.6 ± 3.2 

27.7 ± 2.4 

1 

HLSJ001418.5-302246 

A2744 C 

3.577030 

-30.379500 

(H) 

0.498 (3) 

1.40 (1) 

10.90 ± 0.09 

9.1 ± 1.6 

26.3 ± 1.4 

0 

HLSJ001417.6-302301 

A2744 C 

3.573229 

-30.383567 

(H) 

~0.9 (2) 

1.95 (1) 

11.97 ± 0.13 

107.2 ± 31.4 

23.0 ± 1.6 

0 

HLSJ001418.5-302448 

A2744 C 

3.576912 

-30.413433 

(H) 

1.366 (4) 

1.68 (1) 

11.86 ± 0.08 

81.5 ± 14.7 

31.7 ± 1.5 

0 

HLSJ001418.0-302529 

A2744 C 

3.575482 

-30.424512 

(I) 

~3.5 (2) 

1.42 (1) 

12.64 ± 0.09 

501.5 ± 105.5 

27.7 ± 2.4 

0 


[Note: The full table is published in the electronic version of the paper. A portion is shown here for illustration.] 

1 Herschel ID as in Table [4] 

2 C=central region; P=parallel 

3 Counterpart RA and Dec, from the most accurate available position (V=VLA, H=HST, 0=[ground-based] optical, I=IRAC, 
W=WISE, P=PACS, SUSPIRE) 

4 Counterpa r t sp ectros copic, optical photo met ric or IR estimated reds hift from (1) lOwers et alJ (120111). (2) Z„W FIR, (3) 
Couch et al.1 (1 19981) , (4) iRawle et al.1 d2014b|), (5) I Wang et al.l (1 20151), (6) iBusarello et al.l (120021)7(7) iBraglia et al.l 120091) , (8) 
Wold et al.l (120121). (9) HST GRIS M. flO) [ Ba mford | ( |2005l) 11) Ilvison et al.l (|l99d ). G2) ISoucail et al.l \ 19881 ). (13) 


Henry Sz dLaverY ^et_a]J (1 1987|), f!4) ISoucail et ah (1 1 9991) , ( 15) Magellan/IMACS, (16) C LASH HST photo-z, (17) CLASH Subraru 
photo-z. lUmetsu et al.1 ([20141) . f! 8) iBal estra | ( 20131). f!9) lEbel ing. Ma Sz Bar rettl (|2014h . (20) LBT/MODS, (21) I Smith et all (|2009l ). 
(22) Walth et al. (in prep.), f23) iGom ez et ah (|2012|), (24)[K arman et al. ~l2015l) 

5 p fro m (1) CATS m odels (I Julio fc Kneibll2009l ; Ijauzac et al.ll2012l ; lRichard et al.l 1 20141 ; [jauzac et al.ll20l3) or (2) SaWLens wide-field 

method iMerten et al.1 (1 20091. 1 20 111). ~ for foreground and cluster sources 

6 From the best-fitting IRieke et al . l (200t) template 

7 Characteristic dust temperature of the best-fitting single-temperature modified blackbody 

8 Flag for alternate IR SED fit using SF+AGN model, effectively correcting Ljr and SFRjr for AGN contamination (see Section 14.4.41) 
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Figure 8. Property distributions for the Herschel-detected population, divided into central (black) and parallel (orange) regions, and 
either including (solid) or excluding (dashed) sources with only an IR-estimated redshift. Left panel: redshift z. with cluster redshifts 
indicated by the coloured lines towards the top-left. Centre : magnification factor //, with an inset panel showing // > 4. Right: total IR 
luminosity Lir, corrected for magnification. 


For the background population, the median p = 1.24, 
rising to p = 1.43 for the 109 behind the central footprints, 
as all sources within parallel field undergo fi < 1.25. The 
distributions in Figure [5] clearly shows this difference, which 
is unsurprising as the critical lines of the cluster mass models 
all fall within those core regions. In total, 29 sources are more 
than doubled in brightness (p> 2). 

The (magnification-corrected) Lir distribution in the 
cores also peaks at lower intrinsic luminosity, which is en¬ 
tirely expected given what we know about the data, physics 
and galaxy population: 1) the magnification is stronger in 


the core, allowing us to see further down the luminosity 
function; 2) the lack of Spitzer and PACS imaging in the 
parallel fields decreases the effective detection limit; 3) the 
smaller population of objects in the cluster outskirts limits 
the number of nearby, intrinsically faint objects seen without 
lensing. In total, the background sample of 162 sources in¬ 
cludes 99 LIRGs (10 11 < Z/ir < 10 12 Lq) and 23 sub-LIRGs 
(Lir < 10 11 Lq). 

Figure [5] brings together all the previous information 
and effectively illustrates the benefits of lensing surveys by 
highlighting the most interesting sources. We can immedi- 
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Figure 9. Magnification-corrected IR luminosity (Lir) versus 
the counterpart redshift for Herschel -detected sources in HFF. 
Closed circles are from the central regions and open squares from 
the parallel fields, colour-coded by the cluster (cluster redshifts 
are indicated by solid lines towards the upper-left). Grey verti¬ 
cal lines indicate the magnification effect for individual sources. 
The solid orange curve presents the nominal limit of the Herschel 
observations without lensing. 


ately see that the highest redshift sources (z > 2) are rare, 
and typically are not boosted from significantly below the 
nominal detection limit. The highest magnification, and in¬ 
trinsically faintest background sources tend to be located 
within the redshift range 0.6 < z < 1.6: more than ten sub- 
LIRGs, and a similar number of LIRGs, all boosted from 
below the nominal detection limit. 

We compare the HFF population to larger sam¬ 
ples by exploring the Z/iR-Tdust plane. Figure [TO] shows 
that sources from both HFF an d p revious studies, e.g . 
iBlain. Barnard fe Chapmanl J2003I ) and lHwang et all (|201(j ) 
(corrected to match /? = 2), sample very similar parent 
populations. This emphasises the obvious point: lensing is 
unlikely to select atypical sources, but rather allows us to 
observe larger numbers of ‘normal’ sources to a fainter limit. 

An exploration of the morphology of the IR-bright pop¬ 
ulation is beyond the scope of this paper. Although Tabic [6] 
offers a unique launchpad for a quantitative anal ysis of the 
optical counterparts (such as lMancini et al .1120151) . we defer 
such an effort to future papers. 


5.2 Highest redshift sources 

We now briefly describe a few of the most interesting Her- 
sc/ieLdetected sources within the HFF, starting with those 
at highest redshift. The four highest redshift sources are 
magnified by /i ~ 1.5 — 3, but are all intrinsically bright 
ULIRGs (Fir > 10 12 Lq) magnified from near to, or above, 
the nominal Herschel limit (Figure fill) . In HST imaging, 
they are small, faint, red and point-like, as expected for high 
redshift sources without very strong magnification. 

The two z > 3 sources, both located behind A2744, 
only have IR-derived redshift estimates. Fortunately, the 
z P hot_FiR constraint is also aided by the 870 /im detection. 
Furthermore, Spitzer fluxes (unused in the redshift estimate) 



Figure 10. Magnification-corrected IR luminosity (Fir) versus 
the characteristic dust temperature (7d us t) for HFF sources (blue 
filled circles). Those with only z p hot_FlR are excluded. Black 
lines show the populat ion trend (an d ±2 0% percen t iles). Com¬ 
parison samples fr om iBlain. Barnard fc Chapman! 1200.1) and 
I Hwang et all (l2010h (corrected to match 0 = 2) are shown by 
orange crosses, with the general trend displayed by red lines. 


provide a good independent validation of a z > 3 continuum 
shape (upper panels, Figure fill) . These two sources are to 
be explored in more detail by Boone et al. (in preparation). 

The highest redshift source in the sample with a 
confirmed spectroscopic redshift is HLSJ023951.9-013559 
at z = 2.803 behind A370, which is better known as 
SMM02399-0136 (e.g. Ilvison et al.l 1 19981 . l2010h . We com¬ 
bine our Herschel fluxes with (sub)-millimetre continuum 
observations from JC MT/SC UBA at 450 , 750 , 850 um and 
1.35 mm (Ilvison et al.l 199 81: Cowie. Barger fe Kniebl 120021 ). 
PdBI 1.27 mm i Genzel et al l 20031) and IRAM-30m/GISMO 
2 mm. From a pure Rieke et al.l fit, we derive an estimate of 
the SFR=1000 ± 45 Mq yr -1 (Lir = 10 13 0 Lq) given /.t = 
2.37 ± 0.08. T his agrees favou rably with the PEP/HerMES 
catalogu es by [M agnclli et al.l (120121) and the earlier esti¬ 
mate by Ilvison et al. . accounting for different magnification 
and IMF assumptions. However, the source is a well-known 
quasar host and exhibits an obvious power-law continuum 
in the mid-IR (Figure [lT] lower-left panel). Via the AGN 
fitting method described in Section 14.4.41 we derive an in¬ 
trinsic SFR=812±35M 0 yr” 1 (Lir = io 12 - 85±002 L 0 ) and 
a characteristic dust temperature of 30.5 ± 0.7 K. 

The final source displayed in Figure[lT]is located behind 
the AS1063 central footprint. The optical counterpart has 
an HST- derived photometric redshift from CLASH, which 
puts the source at z = 2.57 with a magnification of p = 1.9. 
We derive SFR=320 ± 38M 0 yr” 1 (Lir = io 12 - 46±0 05 Lq) 
and Tdust = 25.5+1.7 K. As with other IR-detected galaxies 
behind AS 1063, this source will be explored further in Walth 
et al., in preparation. 

One conspicuous absence from our list of high redshift 
sources in the HFF is the reported millim etre counte rpart 
to the z = 9.6 candidate M1149-JD llDwek et al.ll2014h . We 
do find a Herschel source (HLSJ114934.4+222446) within 
10 arcsec of M1149-JD (Figure [T21) . but this is entirely con- 
sistent with a ne a rby magnified spir al galaxy at 2 ~ 1 
dDwek et al.l 120151 : I Zavala et al.l I 2015 I ). The GISMO 2mm 
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Figure 11. IR SEDs for the four highest redshift, Herschel -detected sources located in the HFF. Panel layout as in Figure [7] with 
additional JCMT/SCUBA fluxes shown in brown and APEX/LABOCA, PdBI and IRAM-30m/GISMO continuum photometry in black. 




10 100 1000 

observed wavelength / um 


Figure 12. Left panels: The £ = 9.6 candidate M1149-JD (|Dwek et al.II20141") . marked by a 2 arcsec diameter magenta circle. Thumbnails 
show WFC3 1.05/1.25/1.60 pm, PACS 100 pm and SPIRE 250 pm. Green and red circles highlight the best fit PSF in PACS and SPIRE 
respectively (diameters indicate PSF FWHM). Both originate from the z ~ 1 spiral galaxy, also detected by VLA (cyan contours). Right 
panel: IR SED for the spiral galaxy (HLSJ114934.4+222446). Layout as in Figure [7] A second dust SED (magenta dashes) shows that 
even if M1149-JD dominated the GISMO 2mm flux, it would not contribute significantly in the Herschel bands (assuming Td us t = 30 K). 
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flux (0.4 ±0.1 mjy) appears to be 0.5 dex higher than ex¬ 
pected for that spiral, so M1149-JD may be dominant at 
2mm. However, any contribution by M1149-JD to the Her- 
schel flux would be undetected, as shown by the theoretical 
dust SED in Figure [T2l 


5.3 Strongest magnification sources 

We now discuss several sources with the highest magnifica¬ 
tion. The 11 sources with /x > 4 are listed in Table [7] 

The most spectacular of the highly magnified sources 
is undoubtably the strongly-lensed arc (z = 0.725) in 
A370. This is well-known as the or igi nal spectro scopically- 
confirmed cluster-lensed arc dSoucail et al.l 1 1988h . and the 
dusty star-forming component was first glimpsed using 
th e Infrared Space Observatory Camera (ISOCAM) by 
iMetcalfe et alJ (2003). The ~20 arcsec feature actually com- 
prises five distorte d images of the same background galaxy 
nRichard et al . 1 20100 , as shown in the upper-left panel of 
Figure [13] 

The PSF fitting technique identifies four of the images 
as individual Herschel sources, although one is only detected 
at 100 fi m and is cut from the final catalogue. The west¬ 
ern end of the optical arc is too faint for detection in any 
Herschel band. The three catalogue sources are listed in¬ 
dividually in the full Table [ 6 ] The uppermost rows of Ta¬ 
ble □ give the total intrinsic properties of the arc summed 
over all five images, with the total SED presented in Fig¬ 
ure [13] Assuming a magnification p = 109 ± 16, we derive 
a significantly sub-LIRG SFR to tai = 1-40 ± 0.05 Mq yr -1 
(Fir = 10 10 ' 1 Lq) and a Td us t = 24.8 ±0.4 K. Reassuringly, 
each of the individual images also exhibit the same SED 
shape and Tdust- 

The second source in Table [7] HLSJ114935.5±222350 
behind Ml 149, is also widely known. The source corresponds 
to the highest magnification imag e (p ~ 23 ± 7 ) of a lensed 
galaxy at z = 1.49, labelled Al.l in lSmith et al.l (l2009li . This 
source recently became the first known host of a multiply- 
image d supernov a, including a spectacular Einstein cross 
dKellv et al]|2015h . None of the other images are detected by 
Herschel. Figure Qfl] presents the HST /WFC3 image and 1R 
SED, which shows an intrinsically faint (sub-LIRG) source, 
with a SFR=5.1 ± 0.9 Mq yr " 1 (L m = 10 lo ' 7±O1 L 0 ) and 
a Tdust = 36 ± 4 K. Using Figure [9] we confirm that this is 
one of the faintest galaxies in the survey, more than an order 
of magnitude below the nominal detection limit of Herschel. 

HLSJ114935.5±222350 (z = 1 .49) was studied in the 
compilation of 17 lensed sources bv lSaintonge et aTj ll2013ll . 
named ‘J1149’. As the only overlap between the two samples, 
we briefly compare SEDs. The SPIRE photometry agrees 
perfectly (<5%), which is well within the stated errors and 
should not be a surprise given the near identical data reduc¬ 
tion and similar (PSF-fitting) flux derivation. Our PACS 
photometry in Table [4] is systematically higher (by ~ 40%), 
but the fluxes are very faint and very uncertain in both stud¬ 
ies (between 50—100% errors), so the 1 — 2 mjy difference 
between our results and lSaintonge et al.l can be explained by 
the noise. Our SED yields a higher SFR (5.16 ± 0.85 com¬ 
pared to 3.4 ± 2.8 Mq yr -1 ), but both this property and 
Tdust agrees within the errors. We note that the ext inction- 
corrected SFR derived from V 555 by ISmith et al.l (|2009l 'l 


agrees better with our higher IR estimate (SFR ~ 6 Mq 

yr -1 )- 

Next we described the ring galaxy HLSJ023956.6- 
013426 at z = 1.062 behind A370 (p = 4.6 ± 0.3), as 
sh own in Figure 1151 The galaxy was extensively explored 
by ISoucail et al |l999|), although previously detected as a 
SCUBA source ( Small et al .11 19981 . A370 L3). This distorted, 
ring-shaped source is one of the brightest Herschel point 
sources within the HFF footprints, and we calculate an in¬ 
trinsic SFR=126 ±5 Mq yr -1 (L m = io 12 04±001 Lq) 
and Tdust = 31 ± 1 K. Herschel photometry (from the 
PEP/HerM ES catalogue ) has previously been published for 
this source dMagnelli et al.|[2012l . SMMJ02399-0134) allow¬ 
ing us another opportunity to check our derived proper¬ 
ties. The authors applied a lower p = 2.5, but correct¬ 
ing for this, the derived properties are reassuringly similar: 
L m = io 12 04±0 05 L 0 and T dus t = 31 ± 1 K. 

The next highest magnification source, HLSJ023954.1- 
013532 at z — 1.20 (from HST grism spectroscopy) be¬ 
hind A370 (/x = 4.5), also has an interesting morphology, 
as shown in Figure 1161 The source has a magnification- 
corrected SFR= 18 ± 2 Mq yr -1 (L ra = io u - 21±0 - 04 L 0 ) 
and a typical Ta us t = 27 ± 2 K. This is a prime example of 
a z > 1 LIRG which has been magnified by cluster lensing 
to enable a very good constraint on the IR properties. Thus 
far, this galaxy has not been specifically targetted in any 
published observations. 

The remaining strongly-lensed sources are a mixed 
bunch of distorted spiral or irregular morphologies, includ¬ 
ing a sub-LIRG spiral galaxy just behind AS1063 (described 
further in Walth et al. in preparation) and several LIRGs at 
2 ~ 1. 


6 CONCLUSIONS 

We present a complete census of the 263 Herschel -detected 
sources within the HST Frontier Fields, including 163 lensed 
sources located behind the clusters. Our primary aim is to 
provide a robust legacy catalogue of the Herschel fluxes, 
which we combine with archival data from Spitzer and WISE 
to produce IR SEDs. 

We optimally combine the IR photometry with data 
from HST, VLA and ground-based observatories in order 
to identify optical counterparts and gain source redshifts. 
Hence we also provide a “value-added” catalogue including 
magnification factor, intrinsic IR luminosity and character¬ 
istic dust temperature. We expect to update the derived 
properties for a few sources in the online catalogue, as 1) 
upcoming deeper/wider radio data helps to confirm our op¬ 
tical counterparts for sources without current VLA detec¬ 
tions and 2) further spectroscopic observations secure the 
derived luminosity for the 151 sources without spectroscopic 
redshifts, particularly the 62 sources with only IR-based es¬ 
timates. The catalogues will provide a useful reference for 
future multi-wavelength studies of the HFF. 

There are nine Herschel sources with counterparts at 
2 > 2 and a further nine IR-bright sources with p > 4, six 
of which are sub-LIRG. Although we locate more than 20 
background sub-LIRGs, it is clear that for an in-depth study 
of high-redshift, intrinsically faint sources, a larger cluster 
sample is required. Therefore, this work also serves as a pre- 
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Table 7. Herschel-detected sources with the highest magnification (p > 4). 


ID 

Cluster 

z 1 

c 

log(L IR /L Q ) 3 

Notes 

HLS J023953.0-013507 
HLS J023952.6-013506 
HLS J023953.7-013503 

A0370 

0.725 

109 ± 16 

10.09 ± 0.07 


Fierure 1131 Arc (e.s. Souc.ail et alJ 198sh 
catalogued as three Herschel sources 

HLS J114935.5+222350 

MACS1149 

1.491 

23.0 ± 7.0 

10.66 ± 0.09 

Figure 1141 Multiple-image supernova host (e.g. Smith et al. 2009) 

HLSJ071734.4+374432 

MACS0717 

1.15 

5.9 ± 0.8 

10.95 ± 0.08 


HLSJ023952.0-013348 

A0370 

1.034 

5.5 ± 0.4 

10.99 ± 0.09 


HLSJ071736.8+374507 

MACS0717 

1.13 

5.2 ± 0.7 

10.80 ± 0.45 


HLSJ224841.8-443157 

AS1063 

0.610 

5.1 ± 0.1 

11.42 ± 0.08 

Large spiral (Walth et al., in prep) 

HLS J023956.6-013426 

A0370 

1.062 

4.6 ± 0.3 

12.04 ± 0.09 

Figure 1151 Ring galaxy (e.g. Soucail et al. 1999) 

HLS J023954.1-013532 

A0370 

1.200 

4.5 ± 0.2 

11.21 ± 0.08 

Figure 1161 Interlinked rings 

HLS J041607.7-240432 

MACS0416 

~0.6 

4.0 ± 0.1 

10.30 ± 0.18 



1 Counterpart redshift format as in Table [6] 

2 All magnification factors from the CATS models 

3 Lir corrected for magnification 




observed wavelength / um 

Figure 13. The strongly lensed arc at z = 0.725 behind A370. Left panels: ACS 475/625/814 nm (upper) and PACS 100 pm (lower) 
maps of the arc (approximately outlined in green). The arc is catalogued as three separate Herschel sources (see Table [7]) highlighted by 
solid white circles with 8 arcsec diameters (PACS PSF FWHM). A fourth IR source was only detected at 100 pm and is therefore cut 
from the catalogue (dashed circle). The western end of the optical arc is undetected by Herschel. Right panel: IR SED summed over the 
whole arc, assuming a magnification p = 109. Panel layout as in Figure [7] 


view of the full Herschel Lensing Survey (HLS; Egami et al.1 
l2010h . covering 10 x the cluste r sample, and many thousan ds 
of Herschel- detected sources fE gami et al.ll2015 in prep}) . 

Herschel imaging, catalogues and source IR SEDs can 
be downloaded from the public flavour of the Rainbow 

Database 13 - 
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Figure 14. The strongly lensed (/r ~ 23 ± 7) supernova host at z = 1.49 behind M1149 fe.g. ISmith et al.ll2009i : fSaintonge et al.li201 3fh 
Left panel: WFC3 1.05/1.25/1.60 fim image, including the supernova Einstein cross. The solid white circle indicates the location of the 
PACS detection, with an 8 arcsec diameter (PACS PSF FWHM). Right panel: IR SED of this sub-LIRG (layout as in Figure [3. 




Figure 15. The magnified (p = 4.6) source HLSJ023956.6-013426 (SMMJ02399-0134; ISmail et al.l 119981 ; ISoucail et alj 119991 ; 
iMagnelli et al.l[2012 i) at z = 1.062 behind A370. Layout as in Figure fl4l ( but with HST 475/625/814 nm image). 




Figure 16. A magnified (p = 4.5) source at z = 1.2 behind A370. Layout as in Figure fill (Tut with HST 0.625/0.814/1.60 ^m image). 


© 2015 RAS, MNRAS 000, [I]-?? 
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This work also utilises gravitational lensing models pro¬ 
duced by Pis Ebeling (CATS) and Merten & Zitrin, funded 
as part of the HST Frontier Fields program conducted by 
STScI. STScI is operated by the Association of Universities 
for Research in Astronomy, Inc. under NASA contract NAS 
5-26555. The lens models were obtained from the Mikulski 
Archive for Space Telescopes (MAST). 
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Table 8. Observed PACS and SPIRE fluxes for Herschel -detected sources within the HST Frontier Fields. 


ID (ref) 1 Field 2 S 70 S100 £160 £250 S350 S500 

mJy mjy mjy mJy mJy mjy 


HLSJ001412.7-302359 

(P) 

A2744 

C 

— 

5.2 

dz 

0.9 

10.5 

± 

1.8 

13.1 

± 

2.9 

6.8 

dz 

3.0 



- 

HLSJ001415.3-302423 

(P) 

A2744 

C 

- 

5.6 

± 

0.8 

10.2 

dz 

2.1 

14.8 

± 

2.8 



- 



- 

HLSJ001416.7-302304 

(P) 

A2744 

C 

- 

2.5 

± 

0.6 

7.5 

± 

1.3 



- 



- 



- 

HLSJ001416.5-302410 

(P) 

A2744 

C 

- 

7.2 

± 

0.9 

11.8 

zb 

1.6 

9.8 

dz 

5.5 

8.4 

zb 

5.9 

6.3 

zb 

9.2 

HLSJ001418.5-302246 

(P) 

A2744 

C 

- 

7.6 

dz 

0.9 

12.4 

zb 

1.6 

12.6 

± 

3.3 

6.3 

zb 

2.8 



- 

HLSJ001417.6-302301 

(P) 

A2744 

C 

- 

25.5 

± 

2.1 

62.4 

± 

5.1 

66.1 

± 

5.2 

47.5 

zb 

4.8 

21.5 

zb 

4.8 

HLSJ001418.5-302448 

(P) 

A2744 

C 

- 

4.5 

± 

0.9 

11.9 

zb 

1.6 

18.5 

± 

2.6 

14.2 

zb 

2.9 

8.1 

zb 

2.6 

HLSJ001418.0-302529 

(S) 

A2744 

C 

- 



- 



- 

7.7 

± 

2.3 

12.1 

zb 

3.4 

14.2 

zb 

3.3 

HLSJ001419.4-302327 

(P) 

A2744 

C 

- 

33.6 

± 

2.7 

38.8 

± 

3.2 

24.0 

± 

5.0 

10.9 

zb 

3.0 



- 

HLSJ001420.0-302259 

(S) 

A2744 

C 

- 



- 



- 

9.2 

± 

2.5 

14.3 

zb 

3.8 

18.6 

zb 

2.9 

HLSJ001420.3-302518 

(P) 

A2744 

C 

- 

5.1 

± 

0.8 

8.7 

zb 

1.1 

9.1 

± 

3.4 



- 



- 

HLSJ001420.8-302535 

(S) 

A2744 

C 

- 



- 



- 

10.3 

± 

2.3 

7.2 

zb 

2.4 

4.5 

dz 

2.6 

HLSJ001421.0-302216 

(P) 

A2744 

C 

- 

28.3 

± 

2.3 

41.6 

± 

3.5 

23.9 

± 

4.1 

11.9 

zb 

2.9 

5.1 

dz 

1.5 

HLSJ001421.0-302336 

(P) 

A2744 

C 

- 

9.9 

± 

1.0 

19.6 

± 

1.9 

17.5 

± 

2.6 



- 



- 

HLSJ001422.1-302254 

(P) 

A2744 

C 

- 

4.6 

± 

0.7 

7.0 

± 

1.2 

15.6 

± 

2.5 

9.0 

zb 

2.5 



- 

HLSJ001422.4-302304 

(P) 

A2744 

C 

- 

41.5 

± 

3.3 

46.5 

± 

3.8 

15.0 

± 

2.5 

3.9 

zb 

3.7 



- 

HLSJ001422.7-302350 

(P) 

A2744 

C 

- 

3.6 

± 

0.7 

6.1 

± 

1.2 



- 



- 



- 

HLSJ001421.7-302401 

(P) 

A2744 

C 

- 

33.2 

± 

2.6 

41.3 

zb 

3.6 

24.9 

± 

2.7 

6.9 

zb 

4.4 



- 

HLSJ001424.0-302323 

(P) 

A2744 

C 

- 

14.6 

± 

1.4 

27.7 

± 

2.4 

15.1 

± 

2.9 

5.2 

zb 

3.0 



- 

HLSJ001424.1-302346 

(P) 

A2744 

C 

- 

5.2 

± 

0.8 

13.9 

± 

1.6 

10.7 

zb 

3.0 

3.1 

zb 

2.8 



- 

HLSJ001425.5-302331 

(P) 

A2744 

C 

- 

2.7 

zb 

0.8 

7.9 

± 

1.3 

8.8 

± 

3.0 



- 



- 

HLSJ001425.3-302505 

(P) 

A2744 

C 

- 

3.8 

± 

0.8 

7.6 

± 

1.7 

7.0 

± 

2.3 



- 



- 

HLSJ001426.6-302344 

(P) 

A2744 

C 

- 

19.7 

± 

1.7 

21.4 

± 

2.1 

9.2 

± 

2.4 

2.6 

zb 

2.4 



- 

HLSJ001428.5-302334 

(P) 

A2744 

c 

- 

6.0 

zb 

0.9 

14.5 

± 

1.9 

13.3 

zb 

2.4 

5.8 

dz 

2.5 



- 

HLSJ001428.5-302429 

(P) 

A2744 

c 

- 

5.2 

± 

1.2 

6.3 

± 

1.3 



- 



- 



- 

HLSJ001348.3-302154 

(S) 

A2744 

p 

- 



- 



- 

11.7 

dz 

3.6 

9.5 

zb 

4.0 

3.1 

zb 

3.0 

HLSJ001348.0-302304 

(S) 

A2744 

p 

- 



- 



- 

10.7 

dz 

3.7 

9.1 

zb 

3.6 

6.6 

zb 

6.4 

HLSJ001348.5-302326 

(S) 

A2744 

p 

- 



- 



- 

15.3 

dz 

3.3 

12.2 

zb 

4.2 

7.7 

zb 

2.0 

HLSJ001351.6-302201 

(S) 

A2744 

p 

- 



- 



- 

11.0 

dz 

2.7 

5.4 

zb 

3.2 

3.1 

dz 

2.9 

HLSJ001350.9-302436 

(S) 

A2744 

p 

- 



- 



- 

15.7 

dz 

3.0 

15.0 

zb 

3.3 

10.5 

zb 

5.8 

HLSJ001351.1-302501 

(S) 

A2744 

p 

- 



- 



- 

14.7 

dz 

2.8 

10.3 

zb 

3.1 

3.1 

zb 

2.7 

HLSJ001355.2-302040 

(S) 

A2744 

p 

- 



- 



- 

18.5 

dz 

3.8 

14.6 

zb 

2.9 

9.0 

zb 

3.2 

HLSJ001354.5-302207 

(S) 

A2744 

p 

- 



- 



- 

32.5 

dz 

3.2 

22.2 

zb 

4.4 

15.4 

zb 

6.6 

HLSJ001354.7-302310 

(S) 

A2744 

p 

- 



- 



- 

16.3 

zb 

2.8 

14.3 

zb 

3.1 

7.8 

zb 

2.5 

HLSJ001359.1-302331 

(S) 

A2744 

p 

- 



- 



- 

9.0 

dz 

3.2 

4.7 

zb 

3.0 



- 

HLSJ001400.3-302308 

(S) 

A2744 

p 

- 



- 



- 

12.1 

dz 

2.9 

8.8 

zb 

3.0 

6.1 

zb 

9.0 

HLSJ001401.3-302224 

(P) 

A2744 

p 

- 

7.9 

dz 

1.3 

8.0 

± 

6.0 

7.7 

dz 

2.7 

8.1 

zb 

5.2 



- 

HLSJ001402.8-302251 

(S) 

A2744 

p 

- 



- 



- 

14.1 

dz 

2.8 

9.9 

zb 

2.9 

7.0 

zb 

5.2 

HLSJ023945.2-013337 

(P) 

A0370 

c 

- 

6.6 

dz 

0.8 

6.6 

± 

1.5 



- 



- 



- 

HLSJ023946.9-013333 

(P) 

A0370 

c 

- 

8.0 

± 

1.1 

25.4 

zb 

2.4 

32.2 

dz 

3.3 

20.9 

zb 

2.8 

7.9 

zb 

2.7 

HLSJ023947.1-013518 

(P) 

A0370 

c 

- 

3.8 

± 

0.9 

7.3 

zb 

1.6 

12.0 

dz 

2.9 

9.3 

zb 

3.4 

3.3 

zb 

2.5 

HLSJ023947.6-013601 

(P) 

A0370 

c 

- 

2.7 

dz 

0.5 

9.8 

± 

1.9 

13.2 

dz 

4.6 

9.6 

zb 

3.3 

3.0 

zb 

2.7 

HLSJ023948.1-013333 

(P) 

A0370 

c 

- 

19.2 

dz 

1.6 

31.5 

± 

3.0 

32.1 

dz 

3.4 

17.1 

zb 

3.5 

6.9 

zb 

3.2 

HLSJ023948.1-013538 

(P) 

A0370 

c 

- 

5.5 

± 

1.0 

10.9 

zb 

8.0 

6.8 

dz 

2.5 



- 



- 

HLSJ023948.7-013521 

(P) 

A0370 

c 

- 

5.2 

dz 

0.7 

10.2 

± 

1.6 

8.5 

dz 

3.5 

6.2 

zb 

2.8 



- 

HLSJ023949.4-013538 

(P) 

A0370 

c 

- 

6.9 

± 

0.8 

11.4 

± 

1.4 

16.7 

dz 

3.3 

15.6 

zb 

2.8 

6.7 

zb 

2.5 

HLSJ023949.8-013618 

(P) 

A0370 

c 

- 

5.7 

± 

0.8 

4.5 

zb 

1.3 



- 



- 



- 

HLSJ023949.9-013425 

(P) 

A0370 

c 

- 

4.4 

± 

0.6 

6.6 

zb 

1.3 

10.3 

dz 

3.2 

7.8 

zb 

3.2 

3.2 

zb 

1.4 

HLSJ023951.0-013345 

(P) 

A0370 

c 

- 

11.0 

± 

1.2 

15.4 

zb 

2.0 

10.6 

dz 

2.5 

6.2 

zb 

3.9 

3.1 

zb 

3.4 

HLSJ023951.3-013452 

(P) 

A0370 

c 

- 

6.9 

± 

1.1 

8.3 

± 

1.3 

6.7 

dz 

2.4 

4.8 

zb 

3.7 



- 

HLSJ023952.8-013255 

(P) 

A0370 

c 

- 

4.5 

± 

0.7 

5.1 

± 

1.4 

5.0 

dz 

2.4 



- 



- 

HLSJ023952.1-013325 

(P) 

A0370 

c 

- 

3.3 

± 

0.6 

8.0 

dz 

0.9 

5.5 

dz 

2.8 



- 



- 

HLSJ023952.0-013348 

(P) 

A0370 

c 

- 

6.3 

dz 

0.7 

7.9 

zb 

1.7 

13.3 

dz 

2.5 

8.1 

zb 

2.6 



- 

HLSJ023951.8-013522 

(P) 

A0370 

c 

- 

12.8 

dz 

1.1 

27.1 

± 

2.4 

15.9 

dz 

2.6 

6.7 

zb 

4.1 



- 

HLSJ023951.8-013559 

(P) 

A0370 

c 

- 

14.2 

± 

1.2 

33.7 

zb 

3.0 

56.1 

dz 

4.1 

63.3 

zb 

5.4 

56.1 

zb 

4.3 

HLSJ023951.9-013614 

(P) 

A0370 

c 

- 

16.4 

± 

1.4 

26.3 

zb 

2.3 

24.2 

dz 

2.7 

13.4 

zb 

8.8 



- 

HLSJ023952.1-013621 

(P) 

A0370 

c 

- 

7.7 

dz 

0.8 

11.2 

± 

1.5 



- 



- 



- 

HLSJ023952.6-013506 

(P) 

A0370 

c 

- 

3.7 

± 

0.7 

15.5 

zb 

1.7 

15.0 

dz 

3.1 

17.3 

zb 

3.2 

10.4 

zb 

7.1 

HLSJ023953.0-013507 

(P) 

A0370 

c 

- 

6.3 

± 

0.8 

25.7 

± 

2.3 

41.4 

dz 

3.5 

26.1 

zb 

4.0 

13.2 

zb 

2.8 

HLSJ023953.3-013522 

(P) 

A0370 

c 

- 

3.3 

± 

0.6 

4.4 

dz 

0.8 



- 



- 



- 

HLSJ023954.2-013321 

(P) 

A0370 

c 

- 

7.1 

± 

0.8 

17.0 

± 

1.9 

23.7 

dz 

2.7 

19.0 

zb 

2.9 

15.9 

zb 

2.8 

HLSJ023954.4-013336 

(P) 

A0370 

c 

- 

35.2 

± 

2.8 

51.3 

± 

4.3 

40.1 

dz 

3.3 

19.9 

zb 

3.6 

7.1 

zb 

2.4 

HLSJ023954.0-013352 

(P) 

A0370 

c 

- 

7.4 

± 

0.8 

6.0 

± 

1.2 



- 



- 



- 
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HLSJ023953.7-013503 

(P) 

A0370 C 

— 

7.9 

± 

0.9 

20.4 

± 

2.0 

16.1 

± 

2.6 

10.7 

± 

5.1 

4.0 ± 3.0 

HLSJ023954.1-013532 

(P) 

A0370 C 

- 

5.2 

± 

0.8 

9.4 

± 

1.6 

13.4 

± 

2.6 

8.3 

± 

2.7 



- 

HLSJ023954.6-013427 

(P) 

A0370 C 

- 

7.4 

± 

0.8 

7.1 

± 

1.4 

3.8 

± 

2.4 



- 



- 

HLSJ023954.8-013453 

(P) 

A0370 C 

- 

13.2 

± 

1.1 

15.7 

± 

1.7 

7.7 

± 

4.3 



- 



- 

HLSJ023957.2-013259 

(P) 

A0370 C 

- 

3.7 

± 

0.8 

5.0 

± 

1.0 



- 



- 



- 

HLSJ023957.8-013313 

(P) 

A0370 C 

- 

3.6 

± 

0.6 

8.1 

± 

1.5 



- 



- 



- 

HLSJ023956.6-013426 

(P) 

A0370 C 

- 

49.3 

± 

3.8 

110.4 

± 

8.6 

111.0 

± 

7.1 

74.1 

± 

5.8 

36.6 ± 3.8 

HLSJ023957.5-013432 

(P) 

A0370 C 

- 

7.0 

± 

0.8 

11.2 

± 

1.5 



- 



- 



- 

HLSJ023957.8-013533 

(P) 

A0370 C 

- 

5.7 

± 

0.9 

5.2 

± 

0.9 



- 



- 



- 

HLSJ023957.7-013323 

(P) 

A0370 C 

- 

5.1 

± 

0.7 

8.1 

± 

6.1 

10.7 

± 

2.3 

6.3 

± 

2.4 



- 

HLSJ023958.2-013425 

(P) 

A0370 C 

- 

6.6 

± 

0.8 

20.5 

± 

1.9 

22.3 

± 

2.8 

12.3 

± 

3.8 

8.9 ± 5.2 

HLSJ023958.3-013439 

(P) 

A0370 C 

- 

3.2 

± 

0.5 

7.0 

± 

1.6 

14.1 

± 

2.5 

6.2 

± 

4.0 

8.9 ± 32.3 

HLSJ023958.0-013457 

(P) 

A0370 C 

- 

2.2 

± 

0.8 

7.4 

± 

1.3 

13.3 

± 

2.6 

9.2 

± 

2.9 

6.5 

± 

2.8 

HLSJ023958.0-013543 

(P) 

A0370 C 

- 

8.0 

± 

1.1 

16.4 

± 

1.9 

16.8 

± 

3.4 

8.5 

± 

5.0 



- 

HLSJ024000.3-013540 

(P) 

A0370 C 

- 

16.2 

± 

1.4 

17.2 

± 

1.8 

15.7 

± 

2.5 

8.7 

± 

2.9 

3.5 

± 

2.4 

HLSJ024006.4-013644 

(P) 

A0370 P 

- 

14.6 

± 

1.5 

13.9 

± 

2.2 

12.0 

± 

3.1 

7.7 

± 

2.5 



- 

HLSJ024008.4-013616 

(S) 

A0370 P 

- 



- 



- 

11.8 

± 

2.2 

8.5 

± 

3.6 



- 

HLSJ024009.9-013921 

(S) 

A0370 P 

- 



- 



- 

24.9 

± 

2.5 

20.2 

± 

3.0 

9.5 

± 

2.5 

HLSJ024010.8-013818 

(S) 

A0370 P 

- 



- 



- 

19.8 

± 

2.9 

17.9 

± 

3.1 

13.1 

± 

3.1 

HLSJ024010.8-013835 

(S) 

A0370 P 

- 



- 



- 

13.1 

± 

3.1 

9.0 

± 

2.5 

5.4 

± 

2.4 

HLSJ024012.5-013732 

(S) 

A0370 P 

- 



- 



- 

10.3 

± 

2.4 

5.8 

± 

2.5 



- 

HLSJ024012.9-013847 

(S) 

A0370 P 

- 



- 



- 

22.5 

± 

2.7 

14.3 

± 

3.9 



- 

HLSJ024014.1-013737 

(S) 

A0370 P 

- 



- 



- 

16.1 

± 

2.4 

20.8 

± 

3.1 

20.8 

± 

3.8 

HLSJ024013.9-013849 

(S) 

A0370 P 

- 



- 



- 

15.8 

± 

2.8 

15.7 

± 

2.8 

9.2 

± 

3.8 

HLSJ024017.0-013703 

(S) 

A0370 P 

- 



- 



- 

40.4 

± 

3.9 

14.2 

± 

3.6 



- 

HLSJ024019.9-013846 

(S) 

A0370 P 

- 



- 



- 

17.6 

± 

2.8 

14.4 

± 

2.9 

6.1 

± 

3.1 

HLSJ041602.2-240336 

(P) 

M0416 C 

- 

5.2 

± 

0.9 

11.5 

± 

1.5 

10.2 

± 

4.0 



- 



- 

HLSJ041604.5-240302 

(P) 

M0416 C 

- 

2.9 

± 

0.7 

8.2 

=t 

1.7 



- 



- 



- 

HLSJ041603.6-240429 

(P) 

M0416 C 

- 

17.4 

± 

1.5 

23.6 

± 

2.2 

26.4 

± 

3.8 

14.2 

± 

3.1 



- 

HLSJ041604.5-240601 

(P) 

M0416 C 

- 

3.0 

± 

0.7 

6.0 

± 

1.6 



- 



- 



- 

HLSJ041604.6-240415 

(P) 

M0416 C 

- 

37.1 

± 

2.9 

52.0 

± 

4.2 

32.0 

± 

4.0 

11.6 

± 

4.1 

8.1 

± 

3.0 

HLSJ041605.3-240421 

(P) 

M0416 C 

- 

2.4 

± 

0.8 

4.5 

± 

1.0 



- 



- 



- 

HLSJ041605.0-240424 

(P) 

M0416 C 

- 

5.0 

± 

0.7 

4.8 

± 

0.9 



- 



- 



- 

HLSJ041606.3-240451 

(P) 

M0416 C 

- 

9.9 

± 

1.0 

12.0 

± 

1.6 

7.1 

± 

3.1 



- 



- 

HLSJ041607.7-240432 

(P) 

M0416 C 

- 

2.9 

± 

0.6 

6.0 

± 

1.2 

4.9 

± 

3.5 



- 



- 

HLSJ041606.8-240508 

(P) 

M0416 C 

- 

4.9 

± 

0.9 

8.0 

± 

1.3 

9.2 

± 

3.9 

5.3 

± 

2.7 



- 

HLSJ041606.6-240528 

(P) 

M0416 C 

- 

6.0 

± 

0.9 

10.6 

± 

1.6 

9.0 

± 

3.2 

6.6 

± 

3.6 



- 

HLSJ041608.8-240517 

(P) 

M0416 C 

- 

4.7 

± 

0.8 

5.6 

± 

1.2 

8.2 

± 

3.2 



- 



- 

HLSJ041607.9-240624 

(P) 

M0416 C 

- 

7.4 

± 

0.9 

12.8 

± 

1.6 

11.0 

± 

3.3 



- 



- 

HLSJ041609.1 -240459 

(P) 

M0416 C 

- 

4.1 

± 

0.7 

5.4 

± 

0.9 



- 



- 



- 

HLSJ041610.8-240425 

(P) 

M0416 C 

- 

3.1 

± 

0.6 

6.1 

=t 

1.4 

6.1 

± 

3.5 

5.3 

± 

2.9 

3.1 

± 

3.1 

HLSJ041609.7-240555 

(P) 

M0416 C 

- 

20.1 

± 

1.7 

36.4 

± 

3.2 

31.5 

± 

3.9 

24.2 

± 

3.5 

10.5 

± 

3.7 

HLSJ041611.6-240221 

(P) 

M0416 C 

- 

3.8 

± 

1.0 

4.8 

± 

1.4 



- 



- 



- 

HLSJ041610.6-240407 

(P) 

M0416 C 

- 

10.3 

± 

1.1 

9.2 

± 

1.8 

10.5 

± 

3.1 



- 



- 

HLSJ041610.8-240448 

(P) 

M0416 C 

- 

5.1 

± 

1.0 

12.6 

± 

2.0 

9.7 

± 

3.1 

6.8 

± 

2.6 



- 

HLSJ041610.6-240543 

(P) 

M0416 C 

- 

7.5 

± 

0.8 

12.0 

± 

1.5 

11.7 

± 

3.2 

4.9 

± 

3.9 



- 

HLSJ041611.9-240228 

(P) 

M0416 C 

- 

4.1 

± 

0.7 

10.1 

± 

3.2 

17.6 

± 

3.2 

11.5 

± 

2.7 



- 

HLSJ041612.2-240231 

(P) 

M0416 C 

- 

3.1 

± 

0.7 

6.1 

± 

1.2 



- 



- 



- 

HLSJ041613.2-240320 

(P) 

M0416 C 

- 

11.1 

± 

1.2 

24.5 

± 

2.2 

9.1 

± 

3.5 

4.7 

± 

2.9 



- 

HLSJ041613.0-240505 

(P) 

M0416 C 

- 

2.4 

± 

0.6 

7.3 

± 

1.3 

4.9 

± 

3.5 



- 



- 

HLSJ041614.2-240359 

(P) 

M0416 C 

- 

15.6 

± 

1.4 

22.5 

± 

2.1 

21.8 

± 

4.0 

7.4 

± 

2.5 



- 

HLSJ041614.8-240451 

(P) 

M0416 C 

- 

6.8 

± 

0.9 

4.8 

± 

4.4 



- 



- 



- 

HLSJ041614.0-240453 

(P) 

M0416 C 

- 

4.3 

± 

0.7 

8.9 

± 

2.0 

6.4 

± 

3.9 



- 



- 

HLSJ041614.6-240510 

(P) 

M0416 C 

- 

2.9 

± 

0.9 

6.0 

± 

1.0 

11.0 

± 

5.3 



- 



- 

HLSJ041628.9-240704 

(S) 

M0416 P 

- 



- 



- 

12.5 

± 

4.4 

7.9 

± 

3.5 



- 

HLSJ041629.3-240757 

(S) 

M0416 P 

- 



- 



- 

11.8 

± 

5.3 

6.0 

± 

3.8 



- 

HLSJ041629.9-240557 

(S) 

M0416 P 

- 



- 



- 

25.9 

± 

4.3 

17.3 

± 

3.6 

11.5 

± 

4.3 

HLSJ041629.7-240634 

(S) 

M0416 P 

- 



- 



- 

25.0 

± 

4.3 

10.1 

± 

3.3 

4.5 

± 

3.3 

HLSJ041633.5-240812 

(S) 

M0416 P 

- 



- 



- 

14.6 

± 

4.1 

3.8 

± 

3.7 



- 

HLSJ041634.3-240455 

(S) 

M0416 P 

- 



- 



- 

34.1 

± 

4.8 

11.1 

± 

3.3 

5.1 

± 

4.1 

HLSJ041636.3-240801 

(S) 

M0416 P 

- 



- 



- 

14.0 

± 

4.1 

15.9 

± 

3.7 

5.4 

± 

4.4 

HLSJ071724.6+374330 

(P) 

M0717 C 

- 

3.8 

± 

0.8 

15.2 

± 

1.8 

31.0 

± 

3.8 

34.2 

± 

4.7 

16.9 

± 

3.0 

HLSJ071725.2+374354 (P) 

M0717 C 

- 

5.6 

± 

0.8 

12.3 

± 

1.7 

15.3 

± 

3.1 

8.4 

± 

3.7 

5.7 

± 

5.3 
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HLSJ071724.9+374410 

(P) 

M0717 

C 

- 

4.4 

± 

0.9 

11.9 

± 

1.6 

8.2 

± 

4.9 



- 



- 

HLSJ071727.7+374436 

(P) 

M0717 

C 

- 

5.6 

± 

0.7 

6.3 

± 

1.3 



- 



- 



- 

HLSJ071727.2+374606 

(P) 

M0717 

C 

- 

9.6 

± 

1.2 

13.9 

± 

1.7 

9.6 

± 

3.5 



- 



- 

HLSJ071727.5+374441 

(P) 

M0717 

C 

- 

13.6 

± 

1.2 

26.8 

± 

2.4 

21.4 

± 

3.2 

8.3 

± 

3.9 



- 

HLSJ071729.0+374320 

(P) 

M0717 

C 

- 

7.2 

± 

0.9 

8.7 

± 

1.5 

11.7 

± 

7.5 



- 



- 

HLSJ071728.5+374417 

(P) 

M0717 

C 

- 

10.1 

± 

1.0 

9.6 

± 

1.4 

4.7 

± 

3.3 



- 



- 

HLSJ071730.4+374617 

(P) 

M0717 

C 

- 

7.6 

± 

0.9 

15.4 

± 

1.7 

12.5 

± 

3.7 



- 



- 

HLSJ071730.7+374443 

(P) 

M0717 

C 

- 

4.2 

± 

2.6 

15.0 

± 

5.7 

25.5 

± 

5.1 

20.1 

± 

5.7 

17.5 ± 14.8 

HLSJ071731.6+374321 

(P) 

M0717 

C 

- 

50.7 

± 

4.0 

57.4 

± 

4.6 

49.5 

± 

3.9 

21.3 

± 

3.2 

9.6 

± 

2.8 

HLSJ071731.7+374334 

(P) 

M0717 

C 

- 

8.9 

± 

0.9 

13.3 

± 

1.7 

12.5 

± 

2.8 

10.2 

± 

3.9 

4.6 

± 

4.8 

HLSJ071732.3+374359 

(P) 

M0717 

C 

- 

4.8 

± 

0.8 

7.7 

± 

1.3 

8.6 

± 

3.5 

5.6 

± 

2.9 

3.7 

± 

2.6 

HLSJ071732.8+374544 

(P) 

M0717 

c 

- 

2.6 

± 

0.5 

7.7 

± 

1.3 

10.1 

± 

3.2 

7.9 

± 

3.1 



- 

HLSJ071733.9+374411 

(P) 

M0717 

c 

- 

2.6 

± 

0.6 

6.8 

± 

1.4 

17.3 

± 

3.3 

11.0 

± 

4.3 

3.7 

± 

2.6 

HLSJ071734.4+374432 

(P) 

M0717 

c 

- 

2.0 

± 

0.6 

11.1 

± 

1.5 

8.0 

± 

2.9 

5.9 

± 

3.9 

2.8 

± 

2.6 

HLSJ071734.1+374520 

(P) 

M0717 

c 

- 

5.9 

± 

0.9 

9.4 

± 

1.8 



- 



- 



- 

HLSJ071733.9+374531 

(P) 

M0717 

c 

- 

3.2 

± 

0.6 

6.2 

± 

1.8 

6.5 

± 

4.0 



- 



- 

HLSJ071734.5+374552 

(P) 

M0717 

c 

- 

9.1 

± 

1.0 

18.6 

± 

2.5 

13.3 

± 

4.1 



- 



- 

HLSJ071735.6+374445 

(P) 

M0717 

c 

- 

2.5 

± 

0.6 

5.4 

± 

1.3 

12.9 

± 

5.0 

6.0 

± 

3.2 

4.1 

± 

5.2 

HLSJ071735.3+374447 

(P) 

M0717 

c 

- 

6.3 

± 

1.0 

6.9 

± 

2.3 

7.8 

± 

5.0 

5.9 

± 

5.6 



- 

HLSJ071735.2+374553 

(P) 

M0717 

c 

- 

3.8 

± 

0.8 

7.1 

± 

2.5 

11.6 

± 

3.4 

3.3 

± 

3.0 



- 

HLSJ071736.1+374309 

(P) 

M0717 

c 

- 

5.4 

± 

1.0 

7.8 

± 

1.7 

7.1 

± 

3.1 

6.0 

± 

3.6 



- 

HLSJ071736.5+374337 

(P) 

M0717 

c 

- 

2.6 

± 

0.6 

7.1 

± 

1.5 



- 



- 



- 

HLSJ071736.8+374507 

(P) 

M0717 

c 

- 

4.3 

± 

0.7 

6.3 

± 

2.3 



- 



- 



- 

HLSJ071736.7+374537 

(P) 

M0717 

c 

- 

3.2 

± 

0.8 

9.0 

± 

1.9 

17.2 

± 

3.9 

6.1 

± 

3.2 

2.1 

± 

4.1 

HLSJ071737.7+374530 

(P) 

M0717 

c 

- 

8.1 

± 

0.9 

9.7 

± 

1.5 

7.1 

± 

3.1 

5.1 

± 

3.5 

2.3 

± 

2.7 

HLSJ071739.0+374356 

(P) 

M0717 

c 

- 

5.4 

± 

1.0 

9.9 

± 

1.1 

12.6 

± 

2.9 

10.2 

± 

4.0 



- 

HLSJ071740.2+374307 

(P) 

M0717 

c 

- 

8.4 

± 

1.1 

10.1 

± 

5.2 

12.3 

± 

4.9 

4.6 

± 

3.2 



- 

HLSJ071740.4+374527 

(P) 

M0717 

c 

- 

2.7 

± 

1.8 

7.6 

± 

3.6 

16.1 

± 

6.2 

9.4 

± 

6.3 



- 

HLSJ071740.2+374533 

(P) 

M0717 

c 

- 

2.6 

± 

0.6 

7.4 

± 

1.5 

5.7 

± 

4.2 

5.7 

± 

3.5 

7.6 ± 31.9 

HLSJ071741.5+374556 

(P) 

M0717 

c 

- 

14.2 

± 

1.3 

20.7 

± 

2.8 

14.7 

± 

3.1 



- 



- 

HLSJ071743.1+374523 

(P) 

M0717 

c 

- 

9.6 

± 

1.8 

12.4 

± 

1.9 

9.4 

± 

5.1 

4.1 

± 

3.1 



- 

HLSJ071710.4+375124 

(S) 

M0717 

p 

- 



- 



- 

32.4 

± 

3.7 

17.5 

± 

5.3 

9.9 ± 7.4 

HLSJ071711.4+375124 

(S) 

M0717 

p 

- 



- 



- 

19.6 

± 

3.1 

9.3 

± 

4.0 



- 

HLSJ071712.0+375023 

(S) 

M0717 

p 

- 



- 



- 

258.9 ± 90.6 

118.0 ± 50.3 

56.3 ± 83.6 

HLSJ071713.0+375127 

(S) 

M0717 

p 

- 



- 



- 

20.8 

± 

3.6 

20.4 

± 

3.8 

11.1 

± 

3.2 

HLSJ071715.2+374844 

(S) 

M0717 

p 

- 



- 



- 

13.9 

± 

4.0 

9.0 

± 

4.5 

8.7 

± 

5.4 

HLSJ071716.1+375110 

(S) 

M0717 

p 

- 



- 



- 

25.3 

± 

3.3 

12.8 

± 

4.4 

5.6 

± 

3.1 

HLSJ071717.1+374832 

(S) 

M0717 

p 

- 



- 



- 

10.5 

± 

5.3 

5.5 

± 

3.4 



- 

HLSJ071719.4+374940 

(S) 

M0717 

p 

- 



- 



- 

17.1 

± 

3.5 

14.5 

± 

3.8 

3.7 

± 

3.1 

HLSJ071721.7+375036 

(S) 

M0717 

p 

- 



- 



- 

14.7 

± 

3.0 

9.7 

± 

3.1 

4.8 

± 

0.4 

HLSJ071722.0+375107 

(S) 

M0717 

p 

- 



- 



- 

21.3 

± 

5.3 

14.2 

± 

3.9 



- 

HLSJ071723.0+374853 

(P) 

M0717 

p 

- 

12.2 

± 

1.8 

36.6 

± 

3.5 

22.9 

± 

3.6 

11.7 

± 

5.9 

7.2 

± 

5.8 

HLSJ071725.5+375111 

(S) 

M0717 

p 

- 



- 



- 

12.0 

± 

4.5 

6.2 

± 

4.4 

4.0 

± 

2.6 

HLSJ071726.1+375021 

(S) 

M0717 

p 

- 



- 



- 

14.3 

± 

4.0 

14.9 

± 

3.7 



- 

HLS J114926.7+222343 

(P) 

Ml 149 

c 

- 

10.3 

± 

1.2 

9.5 

± 

1.6 



- 



- 



- 

HLSJ114927.2+222331 

(P) 

Ml 149 

c 

- 

7.7 

=t 

0.9 

15.2 

± 

2.1 

16.8 

± 

2.7 

6.1 

± 

1.2 



- 

HLSJ114929.4+222314 

(P) 

Ml 149 

c 

- 

10.9 

± 

1.2 

15.6 

± 

1.8 

9.9 

± 

3.5 



- 



- 

HLSJ114929.4+222408 

(P) 

M1149 

c 

- 

10.0 

± 

1.1 

18.7 

± 

2.2 

21.5 

± 

4.6 

13.8 

± 

2.7 

6.1 

± 

3.5 

HLSJ114929.8+222426 

(P) 

Ml 149 

c 

- 

20.6 

± 

1.8 

34.1 

± 

3.0 

26.0 

± 

3.4 

15.2 

± 

3.0 

6.4 

± 

6.0 

HLSJ114931.3+222252 

(P) 

Ml 149 

c 

- 

24.1 

± 

2.0 

26.7 

± 

2.4 



- 



- 



- 

HLSJ114930.8+222254 

(P) 

Ml 149 

c 

22.7 ± 2.5 

49.7 

± 

3.9 

78.9 

± 

6.2 

66.2 

± 

4.6 

30.1 

± 

3.4 

13.6 

± 

2.5 

HLSJ114930.8+222327 

(P) 

Ml 149 

c 

9.8 lb 1.3 

25.0 

± 

2.1 

26.2 

± 

2.4 

16.1 

± 

3.4 

6.2 

± 

3.2 



- 

HLSJ114930.7+222428 

(P) 

M1149 

c 

- 

7.0 

± 

0.9 

16.4 

± 

1.8 

32.3 

± 

3.2 

30.3 

± 

3.2 

21.4 

± 

2.8 

HLSJ114932.0+222439 

(P) 

Ml 149 

c 

- 

2.4 

± 

0.6 

9.3 

± 

1.4 

14.9 

± 

3.1 

7.4 

± 

1.3 



- 

HLSJ114933.3+222527 

(P) 

M1149 

c 

- 

5.5 

± 

0.9 

9.9 

± 

1.7 

8.9 

± 

2.5 

5.3 

± 

2.9 



- 

HLSJ114933.9+222227 

(P) 

M1149 

c 

12.6 ± 1.5 

34.5 

± 

2.8 

57.8 

± 

4.7 

34.6 

± 

3.3 

18.0 

± 

3.2 

10.3 

± 

2.8 

HLSJ114933.6+222322 

(P) 

Ml 149 

c 

8.2 =b 1.4 

18.3 

± 

1.5 

28.9 

± 

2.7 

21.0 

± 

2.8 

14.8 

± 

3.0 

7.4 

± 

1.6 

HLSJ114934.4+222446 

(P) 

Ml 149 

c 

- 

7.7 

± 

1.0 

18.4 

± 

1.9 

23.7 

± 

3.7 

14.2 

± 

3.0 

6.1 

± 

3.9 

HLSJ114935.5+222232 

(P) 

Ml 149 

c 

- 

3.2 

± 

0.7 

9.6 

± 

1.4 



- 



- 



- 

HLSJ114935.3+222241 

(P) 

M1149 

c 

- 

7.0 

± 

0.8 

14.8 

± 

1.8 

17.6 

± 

5.5 

10.3 

± 

3.9 

5.7 

± 

5.3 

HLSJ114934.6+222302 

(P) 

M1149 

c 

- 

10.4 

± 

1.2 

14.5 

± 

1.7 

10.0 

± 

2.9 



- 



- 

HLSJ114936.6+222247 

(P) 

Ml 149 

c 

- 

2.8 

± 

0.6 

9.6 

± 

1.4 

9.2 

± 

4.0 



- 



- 

HLSJ114935.5+222350 

(S) 

Ml 149 

c 

0.7 ± 0.8 

3.2 

± 

1.7 

6.9 

± 

5.5 

10.7 

± 

2.6 

8.3 

± 

3.0 

3.6 

± 

4.0 
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HLSJl 14936.2+222417 (P) 

Ml 149 C 

- 

2.3 

± 

0.6 

5.3 

± 

1.3 

9.5 

± 

3.0 

9.3 

± 

3.0 

6.7 ± 3.6 

HLSJ114936.1+222425 (P) 

Ml 149 C 

- 

3.7 

± 

0.7 

7.9 

± 

1.5 

5.9 

± 

2.5 



- 

- 

HLSJ114936.8+222254 (P) 

M1149 C 

- 

10.3 

± 

2.0 

19.3 

± 

2.5 

19.2 

± 

2.7 

10.9 

± 

4.1 

- 

HLSJ114937.3+222431 (P) 

M1149 C 

- 

6.0 

± 

0.8 

12.1 

± 

1.5 

17.3 

± 

2.7 

8.6 

± 

2.9 

6.3 ± 3.2 

HLSJ114937.0+222542 (P) 

M1149 C 

- 

3.0 

± 

0.7 

4.4 

± 

1.3 

4.9 

± 

2.4 



- 

- 

HLSJ114938.1+222412 (P) 

M1149 C 

- 

5.3 

± 

0.7 

9.6 

± 

1.5 

13.1 

± 

3.0 

8.4 

± 

5.4 

- 

HLSJ114938.0+222428 (P) 

M1149 C 

- 

8.2 

± 

0.9 

10.8 

± 

1.5 



- 



- 

- 

HLSJ114938.8+222532 (P) 

M1149 C 

- 

3.7 

± 

0.8 

4.4 

± 

1.0 



- 



- 

- 

HLSJ114937.6+222536 (P) 

M1149 C 

- 

10.7 

± 

1.1 

11.6 

± 

1.7 



- 



- 

- 

HLSJ114940.2+222233 (P) 

M1149 C 

- 

6.2 

± 

0.9 

11.3 

=t 

1.7 

12.6 

± 

2.6 

7.4 

± 

3.3 

3.8 ± 3.4 

HLSJ114940.9+222308 (P) 

M1149 C 

- 

4.2 

± 

1.2 

5.2 

=t 

1.1 



- 



- 

- 

HLSJ114940.6+222416 (P) 

M1149 C 

- 

6.3 

± 

0.8 

10.1 

± 

2.0 

13.8 

± 

3.2 

11.5 

± 

3.1 

5.7 ± 3.6 

HLSJ114939.8+222454 (P) 

M1149 C 

- 



- 

5.0 

± 

1.2 

10.4 

± 

2.7 

7.5 

± 

2.5 

- 

HLSJ114940.8+222250 (P) 

M1149 C 

- 

14.0 

± 

1.1 

32.0 

± 

2.8 

35.3 

± 

3.7 

18.2 

± 

3.7 

- 

HLSJ114942.0+222439 (S) 

M1149 C 

- 



- 



- 

11.5 

± 

2.8 

6.1 

± 

1.1 

5.6 ± 10.1 

HLSJ114942.4+222340 (P) 

M1149 C 

- 

5.0 

± 

0.8 

10.0 

± 

1.4 

12.5 

± 

2.5 

5.7 

± 

2.8 

- 

HLSJ114943.7+222404 (P) 

M1149 C 

- 

2.8 

± 

0.7 

7.3 

± 

1.6 



- 



- 

- 

HLSJ114944.4+222409 (P) 

M1149 C 

- 

4.2 

± 

0.7 

8.3 

± 

1.9 

16.1 

± 

2.6 

9.2 

± 

3.3 

4.4 ± 3.7 

HLSJ114943.7+222413 (P) 

M1149 C 

- 

9.0 

± 

1.0 

10.7 

± 

1.5 



- 



- 

- 

HLSJ114946.2+222415 (P) 

M1149 C 

15.2 ± 2.8 

23.2 

± 

1.9 

33.5 

± 

3.2 

31.4 

± 

3.0 

14.6 

± 

3.5 

5.7 ± 3.6 

HLSJ114932.0+221759 (S) 

M1149 P 

- 



- 



- 

15.4 

± 

2.8 

12.2 

± 

3.4 

- 

HLSJ114934.0+221709 (S) 

M1149 P 

- 



- 



- 

9.2 

± 

1.7 

8.0 

± 

8.0 

5.2 ± 3.0 

HLSJ114937.7+221710 (S) 

M1149 P 

- 



- 



- 

12.3 

± 

3.1 

5.6 

± 

3.2 

5.4 ± 5.5 

HLSJ114937.4+221930 (S) 

M1149 P 

- 



- 



- 

15.8 

± 

2.9 

7.8 

± 

3.4 

- 

HLSJ114936.5+221929 (S) 

M1149 P 

- 



- 



- 

17.6 

± 

6.1 

13.6 

± 

8.2 

- 

HLSJ114937.8+221733 (S) 

M1149 P 

- 



- 



- 

23.6 

± 

4.0 

19.8 

± 

3.1 

9.3 ± 3.0 

HLSJ114937.8+221916 (S) 

M1149 P 

- 



- 



- 

9.8 

± 

3.2 

6.4 

± 

3.3 

- 

HLSJ114939.4+221854 (S) 

M1149 P 

- 



- 



- 

12.2 

± 

2.8 

7.1 

± 

4.0 

4.8 ± 2.4 

HLSJ114939.1+221934 (S) 

M1149 P 

- 



- 



- 

11.6 

± 

2.5 

9.5 

± 

2.9 

5.7 ± 3.1 

HLSJ114940.5+221622 (S) 

M1149 P 

- 



- 



- 

19.8 

± 

3.1 

11.3 

± 

3.7 

3.6 ± 2.4 

HLSJ114941.5+221909 (S) 

M1149 P 

- 



- 



- 

10.7 

± 

4.3 

4.4 

± 

2.8 

- 

HLS J114942.4+221611 (S) 

M1149 P 

- 



- 



- 

21.7 

± 

4.8 

17.1 

± 

3.0 

8.2 ± 5.3 

HLSJ114942.0+221633 (S) 

M1149 P 

- 



- 



- 

29.7 

± 

3.8 

20.8 

± 

3.9 

9.2 ± 6.7 

HLSJ114944.9+221915 (S) 

M1149 P 

- 



- 



- 

21.4 

± 

3.4 

16.2 

± 

2.8 

5.9 ± 3.4 

HLSJ114945.5+221700 (S) 

M1149 P 

- 



- 



- 

42.7 

± 

3.7 

32.5 

± 

4.2 

20.5 ± 4.0 

HLSJ114948.1+221838 (S) 

M1149 P 

- 



- 



- 

16.2 

± 

2.6 

8.0 

± 

3.0 

- 

HLSJ224833.2-443140 (P) 

AS1063 C 

2.6 ± 0.6 

4.4 

± 

0.9 

8.7 

± 

1.6 

14.6 

± 

2.6 

10.6 

± 

3.2 

8.3 ± 3.4 

HLSJ224835.3-443208 (P) 

AS1063 C 

- 

2.6 

± 

0.6 

6.0 

± 

1.3 

9.9 

± 

2.5 



- 

- 

HLSJ224836.4-443059 (P) 

AS1063 C 

2.0 ± 0.6 

6.1 

± 

0.7 

13.6 

± 

2.0 

14.3 

± 

2.8 

10.5 

± 

3.0 

- 

HLSJ224836.0-443237 (P) 

AS1063 C 

2.5 ± 0.7 

6.4 

± 

0.9 

15.0 

± 

2.2 

28.3 

± 

3.0 

22.3 

± 

3.5 

13.2 ± 3.5 

HLSJ224838.2-443142 (P) 

AS1063 C 

1.7 ± 0.5 

4.8 

± 

1.0 

6.1 

± 

1.2 

7.9 

± 

3.5 



- 

- 

HLSJ224837.5-443247 (P) 

AS1063 C 

10.3 ± 0.9 

22.7 

± 

1.9 

46.6 

± 

3.8 

46.7 

± 

4.3 

27.4 

± 

3.6 

12.8 ± 9.4 

HLSJ224840.1-443050 (P) 

AS1063 C 

3.5 ± 0.6 

8.5 

± 

1.0 

11.5 

± 

1.5 

13.3 

± 

3.0 

4.9 

± 

2.8 

- 

HLS J224842.3-443041 (P) 

AS1063 C 

3.9 ± 0.5 

8.4 

± 

1.0 

21.8 

± 

2.1 

25.3 

± 

3.3 

15.4 

± 

2.8 

6.8 ± 1.3 

HLSJ224842.9-443054 (P) 

AS1063 C 

- 

2.1 

± 

0.6 

6.6 

± 

1.3 



- 



- 

- 

HLSJ224841.8-443157 (P) 

AS1063 C 

28.8 ± 2.3 

62.5 

± 

4.9 

100.7 

± 

7.9 

71.4 

± 

5.2 

38.6 

± 

3.8 

17.1 ± 3.6 

HLSJ224842.0-443203 (P) 

AS1063 C 

- 

5.8 

± 

0.9 

8.8 

± 

1.3 



- 



- 

- 

HLSJ224842.5-443213 (P) 

AS1063 C 

2.4 ± 0.6 

4.5 

± 

0.7 

13.2 

± 

1.6 

19.3 ± 12.9 



- 

- 

HLS J224843.2-443401 (P) 

AS1063 C 

4.4 ± 0.6 

8.9 

± 

1.3 

16.4 

± 

1.9 

21.5 

± 

3.0 

10.3 

± 

4.3 

6.5 ± 2.9 

HLS J224844.7-442951 (P) 

AS1063 C 

7.0 ± 0.7 

17.9 

± 

1.7 

39.8 

± 

3.5 

60.1 

± 

9.3 

47.3 ± 11.9 

27.1 ± 23.9 

HLSJ224847.3-443048 (P) 

AS1063 C 

7.3 ± 0.9 

26.6 

± 

2.2 

69.3 

± 

5.5 

56.9 

± 

4.1 

50.6 

± 

4.2 

27.5 ± 3.6 

HLSJ224849.0-443225 (S) 

AS1063 C 

- 



- 



- 

18.6 

± 

3.0 

20.7 

± 

3.3 

25.0 ± 3.5 

HLSJ224850.4-443212 (P) 

AS1063 C 

- 

3.5 

± 

0.7 

9.6 

± 

1.7 

13.2 

± 

4.5 

9.0 

± 

3.2 

- 

HLSJ224850.7-443049 (P) 

AS1063 C 

7.3 ± 1.2 

14.1 

± 

2.3 

26.8 

± 

4.4 

34.1 

± 

5.2 

25.3 

± 

5.5 

14.8 ± 6.9 

HLSJ224850.9-443122 (P) 

AS1063 C 

- 

4.8 

± 

0.8 

7.2 

± 

1.4 

8.5 

± 

3.0 



- 

- 

HLSJ224851.3-443204 (P) 

AS1063 C 

3.8 ± 0.6 

7.8 

± 

1.0 

11.9 

± 

1.5 

8.5 

± 

3.2 



- 

- 

HLSJ224851.9-443248 (S) 

AS1063 C 

- 



- 



- 

19.5 

± 

3.0 

20.6 

± 

3.3 

16.9 ± 7.8 

HLSJ224853.8-443227 (P) 

AS1063 C 

- 

2.9 

± 

0.7 

4.7 

=t 

1.4 



- 



- 

- 

HLSJ224906.9-443228 (S) 

AS1063 P 

- 



- 



- 

18.5 

± 

3.1 

8.7 

± 

2.8 

4.6 ± 2.5 

HLSJ224909.7-443206 (S) 

AS1063 P 

- 



- 



- 

12.0 

± 

3.9 

6.7 

± 

2.8 

- 

HLSJ224912.1-443151 (S) 

AS1063 P 

- 



- 



- 

16.5 

± 

3.2 

11.0 

± 

2.7 

10.1 ± 3.2 

HLSJ224913.0-443321 (S) 

AS1063 P 

- 



- 



- 

34.9 

± 

3.0 

19.3 

± 

4.9 

8.6 ± 6.6 

HLSJ224913.6-443401 (S) 

AS1063 P 

- 



- 



- 

9.5 

± 

2.3 

6.0 

± 

2.7 

- 
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HLSJ224913.6-443238 

(S) 

AS1063 

P 

15.8 

± 

2.6 

6.4 

± 

2.7 



— 

HLSJ224915.2-443220 

(S) 

AS1063 

P 

22.7 

± 

2.6 

20.9 

± 

2.8 

12.8 

± 

2.8 

HLSJ224916.5-443042 

(S) 

AS1063 

P 

46.6 

± 

3.9 

31.5 

± 

3.1 

19.6 

± 

3.7 

HLSJ224917.3-443119 

(S) 

AS1063 

P 

27.8 

± 

3.0 

17.7 

± 

3.4 

10.3 

± 

2.9 

HLSJ224917.8-443256 

(S) 

AS1063 

P 

10.3 

± 

3.0 

6.1 

± 

2.5 



- 

HLSJ224920.9-443337 

(S) 

AS1063 

P 

8.0 

± 

2.9 

9.7 

± 

2.8 

6.2 

± 

1.8 

HLSJ224922.8-443235 

(S) 

AS1063 

P 

14.1 

± 

2.4 

7.8 

± 

3.0 

4.1 

± 

6.5 

HLSJ224925.1-443252 

(S) 

AS1063 

P 

15.2 

± 

3.0 

11.8 

± 

2.6 

6.3 

± 

2.6 

HLSJ224925.9-443332 

(S) 

AS1063 

P 

11.2 

± 

2.5 

4.4 

± 

3.1 



- 

HLSJ224926.3-443223 

(S) 

AS1063 

P 

21.3 

± 

2.6 

21.1 

± 

3.5 

15.5 

± 

3.3 

HLSJ224926.1-443305 

(S) 

AS1063 

P 

6.6 

± 

2.4 

8.7 

± 

2.9 

6.3 

± 

2.6 


1 Herschel ID derived from PACS (P) or SPIRE (S) catalogue position 

2 C=central region; P=parallel 
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Table 9. Optical counterparts for Herschel -detected sources within HFF. Derived properties account for magnification (//). 


ID 1 

Field 2 

RA 3 

Optical/NIR/radio counterpart 
Dec 3 (ref) 3 2 (ref) 4 

fi (ref) 5 

Air 6 

log(L/L 0 ) 

SFRir 6 

Mq yr- 1 

^dust 7 

K 

AGN 

HLSJ001412.7-302359 

A2744 C 

3.552819 

-30.399785 

(H) 

0.688 (1) 

1.21 (1) 

11.21 

± 

0.09 

18.3 ± 3.3 

26.7 ± 1.6 

0 

HLSJ001415.3-302423 

A2744 C 

3.563939 

-30.406277 

(H) 

0.653 (1) 

1.28 (1) 

11.17 

± 

0.09 

16.7 ± 3.0 

25.9 ± 1.5 

0 

HLSJ001416.7-302304 

A2744 C 

3.569295 

-30.384239 

(H) 

0.296 (1) 

- - 

10.16 

± 

0.12 

1.6 ± 0.4 

19.8 ± 1.8 

0 

HLSJ001416.5-302410 

A2744 C 

3.568938 

-30.402831 

(H) 

~0.5 (2) 

1.30 (1) 

10.88 

± 

0.16 

8.6 ± 3.2 

27.7 ± 2.4 

1 

HLSJ001418.5-302246 

A2744 C 

3.577030 

-30.379500 

(H) 

0.498 (3) 

1.40 (1) 

10.90 

± 

0.09 

9.1 ± 1.6 

26.3 ± 1.4 

0 

HLSJ001417.6-302301 

A2744 C 

3.573229 

-30.383567 

(H) 

~0.0 (2) 

1.95 (1) 

11.97 

± 

0.13 

107.2 ± 31.4 

23.0 ± 1.6 

0 

HLSJ001418.5-302448 

A2744 C 

3.576912 

-30.413433 

(H) 

1.366 (4) 

1.68 (1) 

11.86 

± 

0.08 

81.5 ± 14.7 

31.7 ± 1.5 

0 

HLSJ001418.0-302529 

A2744 C 

3.575482 

-30.424512 

(I) 

~3.5 (2) 

1.42 (1) 

12.64 

± 

0.09 

501.5 ± 105.5 

27.7 ± 2.4 

0 

HLSJ001419.4-302327 

A2744 C 

3.580917 

-30.390750 

(H) 

0.293 (1) 

- - 

11.09 

± 

0.09 

13.9 ± 2.9 

26.7 ± 1.1 

0 

HLSJ001420.0-302259 

A2744 C 

3.584848 

-30.381760 

(H) 

~3.1 (2) 

2.72 (1) 

12.32 

± 

0.09 

237.1 ± 49.8 

27.7 ± 2.5 

0 

HLSJ001420.3-302518 

A2744 C 

3.584650 

-30.421774 

(H) 

~0.6 (2) 

1.24 (1) 

10.89 

± 

0.17 

8.9 ± 3.5 

23.0 ± 2.5 

0 

HLSJ001420.8-302535 

A2744 C 

3.586181 

-30.424999 

(H) 

~l-4 (2) 

1.41 (1) 

11.75 

± 

0.16 

64.3 ± 23.2 

32.9 ± 6.0 

0 

HLSJ001421.0-302216 

A2744 C 

3.587333 

-30.371278 

(H) 

0.304 (1) 

- - 

11.05 

± 

0.10 

12.9 ± 2.8 

25.0 ± 0.9 

0 

HLSJ001421.0-302336 

A2744 C 

3.587412 

-30.393281 

(H) 

0.499 (1) 

2.38 (1) 

10.82 

± 

0.09 

7.6 ± 1.4 

25.2 ± 1.0 

0 

HLS J001422.1 *302254 

A2744 C 

3.592166 

-30.381730 

(H) 

1.340 (5) 

1.87 (1) 

11.67 

± 

0.08 

53.0 ± 9.5 

34.4 ± 1.8 

0 

HLSJ001422.4-302304 

A2744 C 

3.593275 

-30.384358 

(H) 

0.294 (4) 

- - 

11.19 

± 

0.09 

17.4 ± 3.2 

29.5 ± 1.2 

0 

HLS J001422.7-302350 

A2744 C 

3.594750 

-30.397180 

(H) 

1.00 (6) 

2.56 (1) 

11.07 

± 

0.12 

13.3 ± 3.7 

36.5 ± 3.8 

0 

HLSJ001421.7-302401 

A2744 C 

3.590337 

-30.400374 

(H) 

0.498 (1) 

2.21 (1) 

11.25 

± 

0.09 

20.4 ± 3.7 

30.3 ± 1.1 

0 

HLS J001424.0-302323 

A2744 C 

3.600050 

-30.389740 

(H) 

0.063 (1) 

- - 

9.30 

± 

0.36 

0.2 ± 0.2 

19.3 ± 0.8 

0 

HLS J001424.1 -302346 

A2744 C 

3.600347 

-30.396142 

(H) 

0.950 (5) 

1.71 (1) 

11.44 

± 

0.09 

31.3 ± 5.6 

31.3 ± 1.6 

0 

HLS J001425.5-302331 

A2744 C 

3.606149 

-30.392024 

(H) 

~0.S (2) 

1.37 (1) 

11.19 

± 

0.15 

17.5 ± 6.1 

23.0 ± 2.8 

0 

HLS J001425.3-302505 

A2744 C 

3.605919 

-30.417852 

(H) 

~0.6 (2) 

1.39 (1) 

10.91 

± 

0.18 

9.2 ± 3.8 

23.0 ± 2.6 

0 

HLS J001426.6-302344 

A2744 C 

3.610653 

-30.395628 

(H) 

0.303 (1) 

- - 

10.83 

± 

0.09 

7.7 ± 1.4 

28.8 ± 1.4 

1 

HLS J001428.5-302334 

A2744 C 

3.618680 

-30.392910 

(H) 

0.302 (7) 

- - 

10.50 

± 

0.10 

3.6 ± 0.8 

20.9 ± 1.0 

0 

HLS J001428.5-302429 

A2744 C 

3.618885 

-30.407990 

(H) 

~0.3 (2) 

- - 

10.39 

± 

0.22 

2.8 ± 1.4 

27.7 ± 4.1 

0 

HLS J001348.3-302154 

A2744 P 

3.451674 

-30.365033 

(H) 

~1.3 (2) 

1.14 (3) 

11.82 

± 

0.25 

74.7 ± 43.4 

27.7 ± 8.1 

0 

HLS J001348.0-302304 

A2744 P 

3.451091 

-30.383820 

(H) 

0.291 (1) 

- - 

10.45 

± 

0.42 

3.2 ± 3.1 

19.7 ± 4.0 

0 

HLS J001348.5-302326 

A2744 P 

3.451767 

-30.389871 

(H) 

~1.6 (2) 

1.07 (3) 

11.98 

± 

0.18 

108.7 ± 46.1 

32.9 ± 3.9 

1 

HLSJ001351.6-302201 

A2744 P 

3.465141 

-30.367048 

(S) 

~0.S (2) 

1.25 (3) 

11.68 

± 

0.23 

54.5 ± 28.5 

41.1 ± 11.1 

0 

HLS J001350.9-302436 

A2744 P 

3.463096 

-30.410068 

(H) 

~-M (2) 

1.04 (3) 

11.97 

± 

0.19 

106.4 ± 45.9 

23.0 ± 3.6 

0 

HLSJ001351.1-302501 

A2744 P 

3.462553 

-30.417272 

(H) 

0.358 (7) 

- - 

10.69 

± 

0.62 

5.6 ± 7.9 

19.7 ± 6.6 

0 

HLS J001355.2-302040 

A2744 P 

3.479829 

-30.344377 

(S) 

~i.5 (2) 

1.07 (3) 

12.22 

± 

0.15 

189.5 ± 66.2 

32.9 ± 4.2 

0 

HLS J001354.5-302207 

A2744 P 

3.476226 

-30.368214 

(H) 

~1.5 (2) 

1.07 (3) 

12.35 

± 

0.13 

256.4 ± 77.5 

32.9 ± 7.3 

0 

HLS J001354.7-302310 

A2744 P 

3.477371 

-30.386893 

(H) 

~1.6 (2) 

1.16 (3) 

12.12 

± 

0.13 

148.7 ± 45.2 

27.7 ± 3.4 

0 

HLSJ001359.1-302331 

A2744 P 

3.496806 

-30.391747 

(H) 

~0.7 (2) 

1.18 (3) 

11.30 

± 

0.38 

22.8 ± 20.0 

32.9 ± 42.9 

0 

HLS J001400.3-302308 

A2744 P 

3.501233 

-30.385689 

(S) 

~1.3 (2) 

1.15 (3) 

11.90 

± 

0.20 

90.7 ± 42.2 

32.9 ± 8.1 

0 

HLSJ001401.3-302224 

A2744 P 

3.505410 

-30.373329 

(H) 

~0.5 (2) 

1.06 (3) 

11.04 

± 

0.17 

12.5 ± 4.8 

27.7 ± 2.5 

0 

HLS J001402.8-302251 

A2744 P 

3.510981 

-30.382058 

(H) 

0.316 (1) 

- - 

10.58 

± 

0.47 

4.3 ± 4.7 

19.7 ± 4.0 

0 

HLS J023945.2-013337 

A0370 C 

39.938542 

-1.560103 

(V) 

0.369 (8) 

- - 

10.56 

± 

0.09 

4.2 ± 0.8 

30.9 ± 3.5 

0 

HLS J023946.9-013333 

A0370 C 

39.945417 

-1.559142 

(V) 

~1.1 (2) 

1.31 (1) 

12.06 

± 

0.12 

129.4 ± 34.8 

27.7 ± 1.9 

0 

HLS J023947.1-013518 

A0370 C 

39.946372 

-1.588236 

(H) 

~1.S (2) 

1.34 (1) 

11.76 

± 

0.13 

65.9 ± 19.6 

27.7 ± 2.9 

0 

HLS J023947.6-013601 

A0370 C 

39.948583 

-1.600172 

(V) 

~1.0 (2) 

1.24 (1) 

11.50 

± 

0.13 

35.8 ± 10.9 

21.5 ± 2.1 

0 

HLS J023948.1-013333 

A0370 C 

39.950497 

-1.559125 

(V) 

0.577 (8) 

1.22 (1) 

11.51 

± 

0.08 

36.8 ± 6.6 

26.6 ± 0.8 

0 

HLS J023948.1-013538 

A0370 C 

39.950708 

-1.593900 

(V) 

0.379 (8) 

- - 

10.72 

± 

0.11 

5.9 ± 1.5 

24.6 ± 1.9 

0 

HLS J023948.7-013521 

A0370 C 

39.952868 

-1.588995 

(H) 

1.010 (9) 

1.48 (1) 

11.49 

± 

0.08 

34.9 ± 6.3 

33.7 ± 1.9 

0 

HLS J023949.4-013538 

A0370 C 

39.955741 

-1.593905 

(H) 

~L0 (2) 

1.45 (1) 

11.65 

± 

0.11 

50.6 ± 12.9 

23.0 ± 2.4 

0 

HLS J023949.8-013618 

A0370 C 

39.957454 

-1.605075 

(H) 

~0.1 (2) 

- - 

9.28 

± 

0.47 

0.2 ± 0.2 

27.7 ± 4.4 

0 

HLS J023949.9-013425 

A0370 C 

39.957960 

-1.573616 

(H) 

1.050 (9) 

2.43 (1) 

11.22 

± 

0.08 

19.0 ± 3.4 

27.7 ± 2.4 

0 

HLSJ023951.0-013345 

A0370 C 

39.962583 

-1.562569 

(V) 

0.360 (8) 

- - 

10.85 

± 

0.09 

8.1 ± 1.4 

25.9 ± 1.5 

0 

HLSJ023951.3-013452 

A0370 C 

39.963792 

-1.581019 

(V) 

0.371 (8) 

- - 

10.65 

± 

0.09 

5.1 ± 1.0 

26.8 ± 2.1 

0 

HLS J023952.8-013255 

A0370 C 

39.969988 

-1.548602 

(H) 

~0-4 (2) 

- - 

10.51 

± 

0.20 

3.7 ± 1.7 

27.7 ± 3.3 

0 

HLS J023952.1-013325 

A0370 C 

39.967118 

-1.556820 

(H) 

~0.7 (2) 

1.77 (1) 

10.85 

± 

0.16 

8.1 ± 2.9 

23.0 ± 2.1 

0 

HLS J023952.0-013348 

A0370 C 

39.966917 

-1.563306 

(V) 

1.034 (8) 

5.55 (1) 

10.99 

± 

0.09 

11.2 ± 2.0 

27.7 ± 0.0 

0 

HLSJ023951.8-013522 

A0370 C 

39.965876 

-1.589312 

(H) 

0.305 (10) 

- - 

10.80 

± 

0.09 

7.2 ± 1.6 

22.8 ± 0.9 

0 

HLSJ023951.8-013559 

A0370 C 

39.966500 

-1.599589 

(V) 

2.803 ( 11 ) 

2.37 (1) 

12.83 

± 

0.09 

767.0 ± 138.1 

30.4 ± 0.7 

1 

HLSJ023951.9-013614 

A0370 C 

39.966157 

-1.603728 

(V) 

0.423 (8) 

1.06 (1) 

11.18 

± 

0.08 

17.2 ± 3.1 

24.9 ± 0.9 

0 

HLS J023952.1-013621 

A0370 C 

39.966938 

-1.605725 

(H) 

~0.7 (2) 

1.27 (1) 

11.20 

± 

0.14 

18.0 ± 5.7 

27.7 ± 2.7 

0 

HLS J023952.6-013506 

A0370 C 

39.969420 

-1.584830 

(H) 

0.725 (12) 

29.40 (1) 

9.96 

± 

0.09 

1.1 ± 0.2 

20.1 ± 0.9 

0 

HLS J023953.0-013507 

A0370 C 

39.970770 

-1.585070 

(H) 

0.725 (12) 

66.80 (1) 

9.85 

± 

0.09 

0.8 ± 0.1 

22.3 ± 0.7 

0 

HLS J023953.3-013522 

A0370 C 

39.972123 

-1.589276 

(H) 

0.390 (13) 

- - 

10.40 

± 

0.09 

2.8 ± 0.6 

27.9 ± 3.0 

0 

HLS J023954.2-013321 

A0370 C 

39.976125 

-1.555786 

(V) 

~l-4 (2) 

2.92 (1) 

11.81 

± 

0.09 

73.5 ± 15.3 

27.7 ± 1.8 

0 

HLS J023954.4-013336 

A0370 C 

39.976833 

-1.560008 

(V) 

0.375 (8) 

- - 

11.36 

± 

0.09 

26.2 ± 5.2 

24.7 ± 0.8 

0 

HLS J023954.0-013352 

A0370 C 

39.975090 

-1.564430 

(H) 

~0.1 (2) 

- - 

9.52 

± 

0.51 

0.4 ± 0.4 

27.7 ± 3.7 

0 
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HLSJ023953.7-013503 

A0370 

C 

39.973640 

-1.584210 

(H) 

0.725 (12) 

12.38 

(1) 

10.46 

± 

0.08 

3.3 ± 0.6 

27.2 

± 

2.4 

0 

HLSJ023954.1-013532 

A0370 

C 

39.975554 

-1.592205 

(H) 

1.200 (9) 

4.45 

(1) 

11.21 

± 

0.08 

18.3 ± 3.3 

27.4 

± 

2.3 

0 

HLSJ023954.6-013427 

A0370 

C 

39.977550 

-1.574226 

(H) 

0.335 (9) 

- 

- 

10.52 

± 

0.09 

3.8 ± 0.8 

30.5 

± 

2.7 

0 

HLSJ023954.8-013453 

A0370 

C 

39.978125 

-1.581442 

(V) 

0.387 (8) 

- 

- 

10.96 

± 

0.08 

10.4 ± 1.9 

29.1 

± 

1.5 

0 

HLSJ023957.2-013259 

A0370 

C 

39.988083 

-1.549772 

(V) 

0.364 (8) 

- 

- 

10.38 

± 

0.10 

2.7 ± 0.6 

27.1 

± 

3.2 

0 

HLSJ023957.8-013313 

A0370 

C 

39.990890 

-1.552850 

(O) 

0.547 (10) 

1.15 

(1) 

10.85 

± 

0.08 

8.1 ± 1.5 

25.8 

± 

2.1 

0 

HLSJ023956.6-013426 

A0370 

C 

39.985458 

-1.574431 

(V) 

1.062 (14) 

4.57 

(1) 

12.04 

± 

0.10 

125.8 ± 22.6 

30.9 

± 

0.6 

0 

HLSJ023957.5-013432 

A0370 

C 

39.989580 

-1.575560 

(H) 

0.256 (10) 

- 

- 

10.32 

± 

0.11 

2.4 ± 0.6 

23.5 

± 

1.5 

0 

HLSJ023957.8-013533 

A0370 

C 

39.990650 

-1.592480 

(H) 

0.388 (12) 

- 

- 

10.54 

± 

0.08 

3.9 ± 0.7 

32.4 

± 

3.5 

0 

HLSJ023957.7-013323 

A0370 

C 

39.990255 

-1.556265 

(I) 

7 (2) 

1.20 

(1) 

11.24 

± 

0.15 

19.6 ± 6.6 

23.0 

± 

2.0 

0 

HLSJ023958.2-013425 

A0370 

C 

39.992229 

-1.573450 

(H) 

(2) 

1.45 

(1) 

11.60 

± 

0.13 

45.6 ± 13.8 

23.0 

± 

1.8 

0 

HLSJ023958.3-013439 

A0370 

C 

39.992844 

-1.577633 

(H) 

(2) 

1.51 

(1) 

11.33 

± 

0.13 

24.3 ± 7.3 

21.5 

± 

2.0 

0 

HLSJ023958.0-013457 

A0370 

C 

39.989919 

-1.581569 

(I) 

~1.S (2) 

1.95 

(1) 

11.84 

± 

0.10 

78.5 ± 18.8 

32.9 

± 

2.1 

0 

HLSJ023958.0-013543 

A0370 

c 

39.991546 

-1.595280 

(H) 

0.372 (12) 

- 

- 

10.82 

± 

0.09 

7.6 ± 1.4 

22.5 

± 

1.2 

0 

HLSJ024000.3-013540 

A0370 

c 

40.001125 

-1.594483 

(V) 

0.421 (8) 

1.03 

(1) 

11.12 

± 

0.08 

15.0 ± 2.7 

27.6 

± 

1.4 

0 

HLSJ024006.4-013644 

A0370 

p 

40.026701 

-1.612107 

(O) 

0.253 (15) 

- 

- 

10.60 

± 

0.10 

4.5 ± 1.1 

25.0 

± 

1.6 

0 

HLSJ024008.4-013616 

A0370 

p 

40.034411 

-1.604824 

(I) 

~1.3 (2) 

1.14 

(3) 

11.85 

± 

0.16 

80.2 ± 29.1 

32.9 ± 16.0 

0 

HLSJ024009.9-013921 

A0370 

p 

40.039449 

-1.656411 

(I) 

~l-4 (2) 

1.07 

(3) 

12.25 

± 

0.12 

202.4 ± 56.1 

27.7 ± 2.7 

0 

HLSJ024010.8-013818 

A0370 

p 

40.045335 

-1.637268 

(I) 

~1.9 (2) 

1.13 

(3) 

12.37 

± 

0.10 

268.6 ± 59.1 

32.9 ± 3.0 

0 

HLSJ024010.8-013835 

A0370 

p 

40.044433 

-1.643178 

(I) 

~0.7 (2) 

1.04 

(3) 

11.32 

± 

0.46 

23.8 ± 24.9 

23.0 ± 4.5 

0 

HLSJ024012.5-013732 

A0370 

p 

40.051765 

-1.625169 

(I) 

~0.8 (2) 

1.09 

(3) 

11.53 

± 

0.31 

38.1 ± 27.1 

32.9 ± 21.1 

0 

HLSJ024012.9-013847 

A0370 

p 

40.053844 

-1.646660 

(I) 

~i.0 (2) 

1.05 

(3) 

11.97 

± 

0.14 

105.6 ± 35.0 

27.7 

± 

9.3 

0 

HLSJ024014.1-013737 

A0370 

p 

40.058825 

-1.626928 

(S) 

~2.5 (2) 

1.09 

(3) 

12.65 

± 

0.09 

503.2 ± 99.8 

27.7 

± 

2.6 

0 

HLSJ024013.9-013849 

A0370 

p 

40.058304 

-1.646545 

(I) 

~1.S (2) 

1.02 

(3) 

12.30 

± 

0.10 

228.1 ± 54.9 

27.7 

± 

3.6 

0 

HLSJ024017.0-013703 

A0370 

p 

40.070833 

-1.617550 

(V) 

0.251 (8) 

- 

- 

11.64 

± 

0.12 

49.8 ± 13.9 

42.5 

± 

4.8 

0 

HLSJ024019.9-013846 

A0370 

p 

40.082426 

-1.646308 

(W) 

~0.9 (2) 

1.01 

(3) 

11.62 

± 

0.28 

47.8 ± 31.3 

21.5 

± 

3.2 

0 

HLSJ041602.2-240336 

M0416 

c 

64.009253 

-24.059877 

(V) 

0.76 (16) 

1.09 

(1) 

11.37 

± 

0.09 

26.6 ± 5.5 

29.2 

± 

2.0 

0 

HLSJ041604.5-240302 

M0416 

c 

64.018682 

-24.050709 

(H) 

0.90 (17) 

1.11 

(1) 

11.39 

± 

0.14 

28.1 ± 9.2 

29.6 

± 

2.9 

0 

HLSJ041603.6-240429 

M0416 

c 

64.014736 

-24.074772 

(V) 

1.680 (9) 

1.70 

(1) 

12.32 

± 

0.09 

236.3 ± 42.5 

47.2 

± 

1.8 

0 

HLSJ041604.5-240601 

M0416 

c 

64.019088 

-24.100471 

(V) 

0.84 (16) 

1.37 

(1) 

11.14 

± 

0.14 

15.6 ± 4.9 

31.9 

± 

4.2 

0 

HLSJ041604.6-240415 

M0416 

c 

64.019074 

-24.070661 

(V) 

0.411 (18) 

- 

- 

11.50 

± 

0.09 

35.8 ± 6.4 

27.3 

± 

1.0 

0 

HLSJ041605.3-240421 

M0416 

c 

64.022281 

-24.072607 

(H) 

0.40 (16) 

- 

- 

10.34 

± 

0.15 

2.5 ± 0.8 

24.6 

± 

3.4 

0 

HLSJ041605.0-240424 

M0416 

c 

64.020887 

-24.073340 

(H) 

0.26 (16) 

- 

- 

10.13 

± 

0.18 

1.6 ± 0.7 

29.1 

± 

3.2 

0 

HLSJ041606.3-240451 

M0416 

c 

64.026502 

-24.080892 

(H) 

0.730 (9) 

3.15 

(1) 

10.91 

± 

0.08 

9.3 ± 1.7 

35.8 

± 

2.2 

0 

HLSJ041607.7-240432 

M0416 

c 

64.032142 

-24.075656 

(H) 

~0.6 (2) 

3.98 

(1) 

10.30 

± 

0.18 

2.3 ± 0.9 

23.0 

± 

3.0 

0 

HLSJ041606.8-240508 

M0416 

c 

64.028545 

-24.085514 

(V) 

0.48 (17) 

- 

- 

10.82 

± 

0.12 

7.6 ± 2.1 

25.4 

± 

2.3 

0 

HLSJ041606.6-240528 

M0416 

c 

64.027557 

-24.091033 

(H) 

~0.6 (2) 

1.37 

(1) 

11.00 

± 

0.15 

11.4 ± 3.9 

23.0 

± 

2.3 

0 

HLSJ041608.8-240517 

M0416 

c 

64.036524 

-24.088180 

(V) 

0.76 (17) 

1.57 

(1) 

11.03 

± 

0.10 

12.1 ± 2.7 

32.6 

± 

3.4 

0 

HLSJ041607.9-240624 

M0416 

c 

64.032860 

-24.106531 

(V) 

0.05 (17) 

- 

- 

8.84 

± 

0.89 

0.1 ± 0.2 

18.7 

± 

1.4 

0 

HLSJ041609.1-240459 

M0416 

c 

64.037936 

-24.083103 

(H) 

0.70 (16) 

1.67 

(1) 

10.81 

± 

0.09 

7.4 ± 1.5 

34.3 

± 

3.3 

0 

HLSJ041610.8-240425 

M0416 

c 

64.044855 

-24.073524 

(H) 

0.403 (18) 

- 

- 

10.50 

± 

0.09 

3.6 ± 0.7 

22.3 

± 

1.9 

0 

HLSJ041609.7-240555 

M0416 

c 

64.040153 

-24.098663 

(V) 

0.92 (17) 

1.15 

(1) 

12.05 

± 

0.09 

127.3 ± 22.9 

31.4 

± 

1.2 

0 

HLSJ041611.6-240221 

M0416 

c 

64.048446 

-24.039381 

(H) 

0.73 (16) 

1.10 

(1) 

10.97 

± 

0.11 

10.5 ± 2.8 

35.4 

± 

5.3 

0 

HLSJ041610.6-240407 

M0416 

c 

64.044140 

-24.068754 

(V) 

0.240 (9) 

- 

- 

10.38 

± 

0.11 

2.8 ± 0.7 

25.5 

± 

2.1 

0 

HLSJ041610.8-240448 

M0416 

c 

64.044903 

-24.079857 

(V) 

1.85 (16) 

1.88 

(1) 

11.97 

± 

0.08 

107.3 ± 19.3 

45.6 

± 

2.7 

0 

HLSJ041610.6-240543 

M0416 

c 

64.044400 

-24.095230 

(H) 

0.571 (18) 

1.07 

(1) 

11.14 

± 

0.09 

15.9 ± 2.9 

28.2 

± 

1.5 

0 

HLSJ041611.9-240228 

M0416 

c 

64.049527 

-24.041187 

(V) 

0.89 (16) 

1.16 

(1) 

11.50 

± 

0.09 

36.3 ± 6.5 

22.4 

± 

2.0 

0 

HLSJ041612.2-240231 

M0416 

c 

64.050734 

-24.042127 

(H) 

0.79 (16) 

1.14 

(1) 

11.12 

± 

0.11 

15.0 ± 3.7 

31.4 

± 

3.1 

0 

HLSJ041613.2-240320 

M0416 

c 

64.054966 

-24.055174 

(V) 

0.85 (16) 

1.56 

(1) 

11.59 

± 

0.09 

44.1 ± 7.9 

32.1 

± 

1.4 

0 

HLSJ041613.0-240505 

M0416 

c 

64.054229 

-24.084729 

(V) 

0.406 (18) 

- 

- 

10.49 

± 

0.10 

3.5 ± 0.8 

21.8 

± 

1.6 

0 

HLSJ041614.2-240359 

M0416 

c 

64.059197 

-24.066483 

(V) 

0.315 (9) 

- 

- 

10.86 

± 

0.08 

8.3 ± 1.6 

24.2 

± 

1.0 

0 

HLSJ041614.8-240451 

M0416 

c 

64.061756 

-24.080941 

(H) 

0.312 (18) 

- 

- 

10.38 

± 

0.15 

2.7 ± 1.0 

34.7 ± 16.1 

0 

HLSJ041614.0-240453 

M0416 

c 

64.058208 

-24.081321 

(V) 

0.354 (18) 

- 

- 

10.49 

± 

0.10 

3.5 ± 0.8 

23.1 ± 1.9 

0 

HLSJ041614.6-240510 

M0416 

c 

64.060761 

-24.086114 

(V) 

1.86 (16) 

1.18 

(1) 

11.89 

± 

0.27 

89.2 ± 55.7 

45.4 ± 5.6 

0 

HLSJ041628.9-240704 

M0416 

p 

64.120364 

-24.116900 

(H) 

0.21 (17) 

- 

- 

10.23 

± 

1.29 

1.9 ± 5.7 

16.6 ± 14.2 

0 

HLSJ041629.3-240757 

M0416 

p 

64.122416 

-24.131992 

(H) 

0.14 (17) 

- 

- 

10.00 

± 

0.90 

1.1 ± 2.4 

21.5 ± 9.8 

0 

HLSJ041629.9-240557 

M0416 

p 

64.123117 

-24.097106 

(H) 

0.61 (17) 

1.08 

(3) 

11.42 

± 

0.43 

30.0 ± 30.1 

18.9 ± 2.9 

0 

HLSJ041629.7-240634 

M0416 

p 

64.123525 

-24.108479 

(V) 

0.92 (17) 

1.11 

(3) 

12.16 

± 

0.12 

164.1 ± 43.5 

39.9 ± 17.4 

0 

HLSJ041633.5-240812 

M0416 

p 

64.139246 

-24.136461 

(H) 

0.24 (17) 

- 

- 

11.18 

± 

0.27 

17.3 ± 10.8 

42.3 ± 11.3 

0 

HLSJ041634.3-240455 

M0416 

p 

64.143733 

-24.082939 

(H) 

0.01 (17) 

- 

- 

8.86 

± 

8.71 

0.1 ± 1.7 

41.8 ± 0.2 

0 

HLSJ041636.3-240801 

M0416 

p 

64.150669 

-24.133242 

(V) 

0.66 (17) 

1.01 

(3) 

11.43 

± 

0.20 

30.6 ± 14.2 

21.5 ± 3.6 

0 

HLSJ071724.6+374330 

M0717 

c 

109.352420 

+37.724956 

(V) 

0.89 (16) 

1.20 

(1) 

11.71 

± 

0.09 

58.8 ± 10.6 

19.4 ± 0.8 

0 

HLSJ071725.2+374354 

M0717 

c 

109.353370 

+37.731234 

(V) 

0.538 (19) 

- 

- 

11.10 

± 

0.09 

14.4 ± 2.6 

23.9 ± 1.2 

0 
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Table 9. Continued 


HLSJ071724.9+374410 

M0717 

C 

109.353910 

+37.735573 

(V) 

0.536 ( 19 ) 

- 

- 

11.09 

± 

0.09 

14.1 ± 2.9 

24.5 

± 

1.6 

0 

HLSJ071727.7+374436 

M0717 

C 

109.365486 

+37.743331 

(H) 

0.22 (16) 

- 

- 

10.11 

± 

0.23 

1.4 ± 0.8 

26.1 

± 

2.8 

0 

HLSJ071727.2+374606 

M0717 

C 

109.363354 

+37.768311 

(H) 

0.15 (16) 

- 

- 

9.97 

± 

0.33 

1.1 ± 0.8 

22.1 

± 

1.6 

0 

HLSJ071727.5+374441 

M0717 

C 

109.364760 

+37.744836 

(V) 

0.526 (19) 

- 

- 

11.38 

± 

0.08 

27.5 ± 5.0 

26.2 

± 

1.0 

0 

HLSJ071729.0+374320 

M0717 

C 

109.370972 

+37.722271 

(H) 

0.229 (19) 

- 

- 

10.00 

± 

0.14 

1.1 ± 0.4 

24.6 

± 

2.2 

1 

HLSJ071728.5+374417 

M0717 

C 

109.368772 

+37.737946 

(H) 

0.01 (16) 

- 

- 

7.66 

± 

9.22 

0.0 ± 0.1 

23.2 

± 

2.2 

0 

HLSJ071730.4+374617 

M0717 

C 

109.376800 

+37.771464 

(V) 

0.899 (20) 

1.91 

(1) 

11.42 

± 

0.09 

30.0 ± 5.4 

32.6 

± 

1.6 

0 

HLSJ071730.7+374443 

M0717 

C 

109.377710 

+37.745258 

(H) 

1.010 (20) 

2.54 

(1) 

11.50 

± 

0.13 

35.9 ± 10.7 

24.8 

± 

2.5 

0 

HLSJ071731.6+374321 

M0717 

C 

109.381730 

+37.722606 

(V) 

0.30 (16) 

- 

- 

11.37 

± 

0.17 

26.5 ± 10.2 

24.6 

± 

1.1 

0 

HLSJ071731.7+374334 

M0717 

C 

109.382320 

+37.725996 

(V) 

0.531 (19) 

- 

- 

11.21 

± 

0.08 

18.5 ± 3.3 

26.8 

± 

1.4 

0 

HLSJ071732.3+374359 

M0717 

C 

109.385100 

+37.732385 

(H) 

0.97 (16) 

1.68 

(1) 

11.35 

± 

0.11 

25.3 ± 6.3 

32.9 

± 

2.7 

0 

HLSJ071732.8+374544 

M0717 

C 

109.385292 

+37.762699 

(H) 

0.422 (19) 

- 

- 

10.66 

± 

0.10 

5.2 ± 1.2 

20.3 

± 

1.3 

0 

HLSJ071733.9+374411 

M0717 

C 

109.390503 

+37.735748 

(H) 

0.667 (19) 

1.37 

(1) 

11.06 

± 

0.09 

13.0 ± 2.4 

21.7 

± 

1.3 

0 

HLSJ071734.4+374432 

M0717 

c 

109.393571 

+37.742350 

(H) 

1.15 (16) 

5.88 

(1) 

10.95 

± 

0.08 

10.1 ± 1.8 

29.7 

± 

1.6 

0 

HLSJ071734.1+374520 

M0717 

c 

109.392080 

+37.755482 

(V) 

0.15 (16) 

- 

- 

9.76 

± 

0.33 

0.7 ± 0.5 

21.6 

± 

2.1 

0 

HLSJ071733.9+374531 

M0717 

c 

109.391960 

+37.757858 

(H) 

0.55 (16) 

- 

- 

10.90 

± 

0.15 

9.1 ± 3.2 

26.1 

± 

2.5 

0 

HLSJ071734.5+374552 

M0717 

c 

109.393674 

+37.764462 

(H) 

0.387 (20) 

- 

- 

10.93 

± 

0.09 

9.7 ± 1.8 

23.9 

± 

1.1 

0 

HLSJ071735.6+374445 

M0717 

c 

109.397840 

+37.745804 

(V) 

0.541 (19) 

- 

- 

10.92 

± 

0.14 

9.4 ± 2.9 

22.0 

± 

1.8 

0 

HLSJ071735.3+374447 

M0717 

c 

109.397041 

+37.746498 

(H) 

0.178 (19) 

- 

- 

9.97 

± 

0.16 

1.1 ± 0.4 

22.4 

± 

2.5 

0 

HLSJ071735.2+374553 

M0717 

c 

109.396370 

+37.764622 

(V) 

0.549 (19) 

- 

- 

10.97 

± 

0.10 

10.7 ± 2.4 

24.0 

± 

1.7 

0 

HLSJ071736.1+374309 

M0717 

c 

109.400430 

+37.719357 

(V) 

0.54 (16) 

- 

- 

10.96 

± 

0.12 

10.3 ± 2.8 

27.3 

± 

2.6 

0 

HLSJ071736.5+374337 

M0717 

c 

109.402397 

+37.726921 

(H) 

0.532 (19) 

- 

- 

10.81 

± 

0.12 

7.4 ± 2.0 

24.1 

± 

2.4 

0 

HLSJ071736.8+374507 

M0717 

c 

109.402920 

+37.751870 

(V) 

1.13 (16) 

5.22 

(1) 

10.80 

± 

0.45 

7.2 ± 7.4 

41.2 

± 

7.1 

0 

HLSJ071736.7+374537 

M0717 

c 

109.402920 

+37.760257 

(V) 

1.050 (9) 

2.03 

(1) 

11.43 

± 

0.09 

30.4 ± 6.1 

28.4 

± 

1.9 

0 

HLSJ071737.7+374530 

M0717 

c 

109.407300 

+37.758306 

(V) 

0.570 (9) 

1.06 

(1) 

11.09 

± 

0.08 

13.9 ± 2.5 

31.1 

± 

2.2 

0 

HLSJ071739.0+374356 

M0717 

c 

109.412693 

+37.732217 

(H) 

1.03 (16) 

2.06 

(1) 

11.42 

± 

0.09 

29.9 ± 5.4 

32.0 

± 

2.5 

0 

HLSJ071740.2+374307 

M0717 

c 

109.417733 

+37.718410 

(H) 

0.82 (17) 

1.27 

(1) 

11.51 

± 

0.11 

36.9 ± 9.4 

32.5 

± 

2.4 

0 

HLSJ071740.4+374527 

M0717 

c 

109.418463 

+37.757624 

(H) 

1.52 (16) 

1.85 

(1) 

11.83 

± 

0.23 

76.8 ± 41.2 

32.7 

± 

4.2 

0 

HLSJ071740.2+374533 

M0717 

c 

109.417780 

+37.759160 

(H) 

1.58 (16) 

1.84 

(1) 

11.62 

± 

0.09 

47.4 ± 10.0 

39.1 

± 

3.3 

0 

HLSJ071741.5+374556 

M0717 

c 

109.423130 

+37.765454 

(V) 

0.240 (20) 

- 

- 

10.59 

± 

0.11 

4.4 ± 1.1 

23.4 

± 

1.2 

0 

HLSJ071743.1+374523 

M0717 

c 

109.429425 

+37.756520 

(H) 

0.29 (16) 

- 

- 

10.60 

± 

0.18 

4.5 ± 1.8 

25.4 

± 

2.4 

0 

HLSJ071710.4+375124 

M0717 

p 

109.294270 

+37.856043 

(V) 

0.72 (17) 

1.01 

(3) 

12.06 

± 

0.16 

132.1 ± 49.2 

25.4 

± 

6.9 

0 

HLSJ071711.4+375124 

M0717 

p 

109.297820 

+37.856681 

(H) 

0.74 (17) 

1.01 

(3) 

12.00 

± 

0.18 

113.4 ± 45.9 

32.4 ± 39.5 

0 

HLSJ071712.0+375023 

M0717 

p 

109.300113 

+37.839645 

(V) 

0.04 (17) 

- 

- 

10.60 

± 

1.23 

4.5 ± 12.8 

27.7 ± 5.0 

0 

HLSJ071713.0+375127 

M0717 

p 

109.304624 

+37.857865 

(H) 

0.94 (17) 

1.01 

(3) 

12.01 

± 

0.14 

115.0 ± 35.9 

27.7 ± 2.4 

0 

HLSJ071715.2+374844 

M0717 

p 

109.313810 

+37.812716 

(V) 

0.90 (17) 

1.03 

(3) 

11.79 

± 

0.19 

70.1 ± 30.5 

32.9 ± 6.6 

0 

HLSJ071716.1+375110 

M0717 

p 

109.316910 

+37.852427 

(V) 

0.35 (17) 

- 

- 

11.63 

± 

0.11 

48.6 ± 12.5 

38.6 ± 2.9 

0 

HLSJ071717.1+374832 

M0717 

p 

109.322290 

+37.808452 

(V) 

1.03 (17) 

1.16 

(3) 

11.81 

± 

0.26 

73.3 ± 43.0 

41.1 ± 11.3 

0 

HLSJ071719.4+374940 

M0717 

p 

109.331180 

+37.828187 

(V) 

1.01 (17) 

1.13 

(3) 

11.86 

± 

0.13 

82.4 ± 25.5 

23.6 

± 

4.7 

0 

HLSJ071721.7+375036 

M0717 

p 

109.340732 

+37.843271 

(O) 

0.67 (17) 

1.05 

(3) 

11.13 

± 

0.12 

15.2 ± 4.3 

20.8 

± 

2.2 

0 

HLSJ071722.0+375107 

M0717 

p 

109.342980 

+37.852193 

(V) 

1.198 (19) 

1.11 

(3) 

12.08 

± 

0.22 

137.8 ± 71.0 

32.9 

± 

9.7 

0 

HLSJ071723.0+374853 

M0717 

p 

109.345781 

+37.814777 

(H) 

0.03 (17) 

- 

- 

8.68 

± 

1.89 

0.1 ± 0.2 

16.6 

± 

1.0 

0 

HLSJ071725.5+375111 

M0717 

p 

109.355293 

+37.852089 

(H) 

0.723 (19) 

1.00 

(3) 

11.09 

± 

0.20 

14.0 ± 6.4 

22.3 

± 

7.9 

0 

HLSJ071726.1+375021 

M0717 

p 

109.357628 

+37.838612 

(H) 

2.100 (19) 

1.03 

(3) 

12.50 

± 

0.09 

360.6 ± 66.1 

29.4 

± 

7.1 

0 

HLSJ114926.7+222343 

M1149 

c 

177.361399 

+22.395310 

(V) 

0.177 (20) 

- 

- 

10.08 

± 

0.14 

1.4 ± 0.5 

27.5 

± 

2.7 

0 

HLSJ114927.2+222331 

M1149 

c 

177.363312 

+22.392111 

(H) 

0.410 (19) 

- 

- 

10.89 

± 

0.08 

8.9 ± 1.6 

23.2 

± 

0.9 

0 

HLSJ114929.4+222314 

M1149 

c 

177.372700 

+22.387282 

(V) 

0.366 (20) 

- 

- 

10.87 

± 

0.09 

8.3 ± 1.5 

26.5 

± 

1.4 

0 

HLSJ114929.4+222408 

M1149 

c 

177.372320 

+22.402169 

(V) 

1.027 (20) 

1.20 

(1) 

11.88 

± 

0.08 

85.6 ± 15.4 

32.2 

± 

1.4 

0 

HLSJ114929.8+222426 

M1149 

c 

177.374230 

+22.407202 

(V) 

1.54 (16) 

1.47 

(1) 

12.37 

± 

0.08 

268.2 ± 48.3 

45.0 

± 

1.6 

0 

HLSJ114931.3+222252 

M1149 

c 

177.380480 

+22.381143 

(V) 

0.540 (9) 

- 

- 

11.51 

± 

0.09 

36.8 ± 6.6 

33.2 

± 

1.7 

0 

HLSJ114930.8+222254 

M1149 

c 

177.378470 

+22.381666 

(V) 

0.42 (16) 

- 

- 

11.65 

± 

0.12 

50.7 ± 13.8 

26.9 

± 

1.0 

0 

HLSJ114930.8+222327 

M1149 

c 

177.378370 

+22.390846 

(V) 

0.375 (9) 

- 

- 

11.15 

± 

0.09 

16.1 ± 2.9 

29.9 

± 

1.0 

0 

HLSJ114930.7+222428 

M1149 

c 

177.377827 

+22.407669 

(H) 

1.84 (16) 

1.77 

(1) 

12.35 

± 

0.09 

256.8 ± 46.2 

29.0 

± 

1.0 

0 

HLSJ114932.0+222439 

M1149 

c 

177.383530 

+22.410901 

(V) 

1.290 (9) 

2.58 

(1) 

11.43 

± 

0.08 

30.6 ± 5.5 

30.9 

± 

1.3 

0 

HLSJ114933.3+222527 

M1149 

c 

177.388675 

+22.424170 

(H) 

0.72 (16) 

1.10 

(1) 

11.26 

± 

0.09 

20.6 ± 3.9 

29.4 

± 

2.0 

0 

HLSJ114933.9+222227 

M1149 

c 

177.391180 

+22.374193 

(V) 

0.555 (19) 

- 

- 

11.76 

± 

0.09 

65.9 ± 11.9 

29.8 

± 

0.8 

0 

HLSJ114933.6+222322 

M1149 

c 

177.389950 

+22.389475 

(V) 

0.960 (20) 

1.31 

(1) 

11.92 

± 

0.08 

95.5 ± 17.2 

36.1 

± 

1.3 

0 

HLSJ114934.4+222446 

M1149 

c 

177.393340 

+22.412636 

(V) 

0.980 (9) 

3.36 

(1) 

11.36 

± 

0.09 

25.9 ± 4.7 

25.8 

± 

1.4 

0 

HLSJ114935.5+222232 

M1149 

c 

177.397640 

+22.375481 

(V) 

0.99 (16) 

1.12 

(1) 

11.55 

± 

0.14 

40.8 ± 12.9 

30.5 

± 

2.6 

0 

HLSJ114935.3+222241 

M1149 

c 

177.396910 

+22.377886 

(V) 

0.458 (19) 

- 

- 

11.00 

± 

0.09 

11.4 ± 2.1 

23.3 

± 

1.2 

0 

HLS J114934.6+222302 

M1149 

c 

177.394220 

+22.383714 

(V) 

0.355 (9) 

- 

- 

10.81 

± 

0.08 

7.4 ± 1.3 

26.3 

± 

1.4 

0 

HLSJ114936.6+222247 

M1149 

c 

177.402328 

+22.379776 

(H) 

0.75 (16) 

1.11 

(1) 

11.33 

± 

0.08 

24.1 ± 4.5 

25.8 

± 

1.8 

0 

HLSJ114935.5+222350 

M1149 

c 

177.397000 

+22.396010 

(H) 

1.491 (21) 

23.00 

(1) 

10.66 

± 

0.09 

5.2 ± 0.9 

36.4 

± 

3.6 

0 
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Table 9. Continued, 


HLSJ114936.2+222417 
HLSJ114936.1+222425 
HLSJ114936.8+222254 
HLSJ114937.3+222431 
HLSJ114937.0+222542 
HLSJ114938.1+222412 
HLSJ114938.0+222428 
HLSJ114938.8+222532 
HLSJ114937.6+222536 
HLSJ114940.2+222233 
HLSJ114940.9+222308 
HLSJ114940.6+222416 
HLSJ114939.8+222454 
HLSJ114940.8+222250 
HLSJ114942.0+222439 
HLSJ114942.4+222340 
HLS J114943.7+222404 
HLS J114944.4+222409 
HLSJ114943.7+222413 
HLSJ114946.2+222415 
HLSJ114932.0+221759 
HLSJ114934.0+221709 
HLSJ114937.7+221710 
HLSJ114937.4+221930 
HLSJ114936.5+221929 
HLSJ114937.8+221733 
HLSJ114937.8+221916 
HLS J114939.4+221854 
HLSJ114939.1+221934 
HLSJ114940.5+221622 
HLS J114941.5+221909 
HLSJ114942.4+221611 
HLSJ114942.0+221633 
HLSJ114944.9+221915 
HLSJ114945.5+221700 
HLSJ114948.1+221838 
HLS J224833.2-443140 
HLS J224835.3-443208 
HLS J224836.4-443059 
HLSJ224836.0-443237 
HLSJ224838.2—443142 
HLS J224837.5-443247 
HLSJ224840.1-443050 
HLSJ224842.3-443041 
HLSJ224842.9-443054 
HLSJ224841.8-443157 
HLSJ224842.0-443203 
HLSJ224842..5-443213 
HLSJ224843.2-443401 
HLSJ224844.7—442951 
HLSJ224847.3-443048 
HLSJ224849.0-443225 
HLS J224850.4—443212 
HLS J224850.7-443049 
HLSJ224850.9-443122 
HLSJ224851.3-443204 
HLSJ224851.9-443248 
HLS J224853.8-443227 
HLS J224906.9-443228 
HLSJ224909.7-443206 
HLSJ224912.1-443151 
HLSJ224913.0-443321 
HLSJ224913.6-443401 


M1149 

C 

177.400957 

+22.404700 

(H) 

1.10 (16) 

2.27 (1) 

11.20 

± 

0.09 

18.1 ± 3.3 

27.6 ± 2.4 

0 

M1149 

C 

177.400377 

+22.406727 

(H) 

1.41 (16) 

2.44 (1) 

11.39 

± 

0.09 

28.2 ± 5.2 

40.0 ± 13.9 

0 

M1149 

C 

177.403620 

+22.381486 

(V) 

1.409 (20) 

1.39 (1) 

12.08 

± 

0.08 

137.4 ± 24.7 

39.1 ± 2.2 

0 

M1149 

C 

177.405460 

+22.408510 

(H) 

1.020 (9) 

1.41 (1) 

11.62 

± 

0.08 

47.9 ± 8.6 

27.7 ± 2.4 

0 

Ml 149 

C 

177.404060 

+22.428214 

(V) 

0.55 (17) 

1.01 (1) 

10.73 

± 

0.13 

6.1 ± 1.8 

27.6 ± 3.1 

0 

Ml 149 

C 

177.408770 

+22.403077 

(V) 

0.99 (16) 

1.51 (1) 

11.48 

± 

0.08 

34.3 ± 6.2 

32.2 ± 2.0 

0 

M1149 

C 

177.408320 

+22.407729 

(V) 

0.533 (19) 

- - 

11.10 

± 

0.09 

14.2 ± 2.6 

30.9 ± 2.2 

0 

Ml 149 

C 

177.411703 

+22.425523 

(H) 

0.54 (16) 

- - 

10.71 

± 

0.12 

5.8 ± 1.6 

32.2 ± 4.5 

0 

Ml 149 

C 

177.406740 

+22.426660 

(V) 

0.54 (17) 

- - 

11.16 

± 

0.10 

16.3 ± 3.7 

33.4 ± 2.6 

0 

M1149 

C 

177.417250 

+22.375981 

(V) 

0.78 (16) 

1 11 (1) 

11.41 

± 

0.09 

29.2 ± 5.6 

29.0 ± 1.7 

0 

M1149 

C 

177.420330 

+22.385289 

(V) 

0.93 (16) 

1.29 (1) 

11.16 

± 

0.10 

16.4 ± 3.7 

39.9 ± 5.6 

0 

Ml 149 

C 

177.419082 

+22.404391 

(V) 

0.761 (19) 

1.11 (1) 

11.41 

± 

0.09 

29.3 ± 5.3 

27.3 ± 1.3 

0 

Ml 149 

C 

177.415717 

+22.414939 

(H) 

1.502 (20) 

1.19 (1) 

11.80 

± 

0.09 

72.2 ± 13.0 

27.3 ± 2.2 

0 

M1149 

C 

177.419850 

+22.380401 

(V) 

0.369 (19) 

- - 

11.09 

± 

0.09 

14.1 ± 2.5 

21.4 ± 0.7 

0 

M1149 

C 

177.422857 

+22.410091 

(V) 

1.70 (16) 

1.17 (1) 

12.08 

± 

0.10 

136.3 ± 30.6 

42.4 ± 13.8 

0 

M1149 

C 

177.426549 

+22.394295 

(H) 

1.55 (16) 

1.25 (1) 

11.95 

± 

0.09 

100.6 ± 18.1 

40.7 ± 2.5 

0 

Ml 149 

C 

177.431992 

+22.401110 

(H) 

0.371 (19) 

- - 

10.42 

± 

0.11 

3.0 ± 0.7 

21.8 ± 2.1 

0 

M1149 

C 

177.434700 

+22.402419 

(H) 

1.010 (20) 

1.08 (1) 

11.64 

± 

0.09 

49.5 ± 8.9 

23.0 ± 0.7 

0 

M1149 

C 

177.432220 

+22.403524 

(V) 

0.535 (20) 

- - 

11.09 

± 

0.08 

13.9 ± 2.5 

32.1 ± 2.5 

0 

Ml 149 

C 

177.442230 

+22.403999 

(V) 

0.496 (20) 

- - 

11.53 

± 

0.08 

38.3 ± 6.9 

28.7 ± 1.2 

0 

M1149 

P 

177.383400 

+22.298375 

(V) 

1.86 (17) 

1.00 (3) 

12.31 

± 

0.09 

231.8 ± 49.3 

32.4 ± 9.1 

0 

M1149 

P 

177.392178 

+22.286030 

(H) 

1.63 (17) 

1.13 (3) 

11.93 

± 

0.28 

96.9 ± 111.7 

26.3 ± 4.7 

0 

M1149 

P 

177.404875 

+22.284514 

(H) 

0.89 (17) 

1.06 (3) 

11.87 

± 

0.19 

83.5 ± 37.1 

26.1 ± 11.1 

0 

Ml 149 

P 

177.405167 

+22.324890 

(H) 

0.533 (19) 

- - 

11.47 

± 

0.35 

33.9 ± 27.4 

32.9 ± 11.3 

0 

Ml 149 

P 

177.402478 

+22.325635 

(H) 

0.42 (17) 

- - 

10.90 

± 

0.88 

9.0 ± 18.2 

19.7 ± 11.3 

0 

M1149 

P 

177.408510 

+22.291643 

(V) 

1.09 (17) 

1.03 (3) 

11.94 

± 

0.19 

99.0 ± 43.2 

23.4 ± 2.7 

0 

M1149 

P 

177.408370 

+22.322594 

(V) 

0.838 (19) 

1.02 (3) 

11.46 

± 

0.37 

33.2 ± 28.4 

24.5 ± 24.1 

0 

M1149 

P 

177.414430 

+22.314849 

(V) 

0.39 (17) 

- - 

10.68 

± 

1.10 

5.5 ± 13.9 

20.1 ± 11.3 

0 

M1149 

P 

177.414480 

+22.325879 

(V) 

1.43 (17) 

1.04 (3) 

11.94 

± 

0.16 

99.6 ± 37.0 

27.7 ± 10.4 

0 

M1149 

P 

177.418465 

+22.272668 

(H) 

0.10 (17) 

- - 

9.79 

± 

1.28 

0.7 ± 2.1 

17.6 ± 4.8 

0 

M1149 

P 

177.422020 

+22.318521 

(V) 

0.48 (17) 

- - 

11.49 

± 

0.26 

35.3 ± 21.2 

42.3 ± 11.3 

0 

M1149 

P 

177.425712 

+22.271383 

(H) 

1.70 (17) 

1.19 (3) 

12.30 

± 

0.12 

229.7 ± 65.3 

30.9 ± 5.8 

0 

Ml 149 

P 

177.424780 

+22.275692 

(V) 

0.92 (17) 

1.06 (3) 

12.00 

± 

0.21 

114.5 ± 54.3 

24.1 ± 4.1 

0 

M1149 

P 

177.436868 

+22.321328 

(H) 

1.41 (17) 

1.18 (3) 

12.18 

± 

0.11 

172.0 ± 45.1 

29.3 ± 4.3 

0 

M1149 

P 

177.439450 

+22.283462 

(V) 

1.43 (17) 

1.02 (3) 

12.55 

± 

0.09 

402.8 ± 72.5 

26.6 ± 2.1 

0 

M1149 

P 

177.450721 

+22.312328 

(H) 

0.24 (17) 

- - 

10.61 

± 

0.92 

4.6 ± 9.7 

22.0 ± 29.2 

0 

AS1063 

C 

342.138577 

-44.527777 

(H) 

1.26 (16) 

1.28 (1) 

11.81 

± 

0.08 

72.9 ± 13.1 

27.7 ± 2.4 

0 

AS1063 

C 

342.147290 

-44.535407 

(H) 

0.50 (16) 

1.20 (1) 

10.65 

± 

0.12 

5.1 ± 1.4 

22.2 ± 1.9 

0 

AS1063 

C 

342.150638 

-44.517044 

(H) 

1.034 (22) 

1.24 (1) 

11.68 

± 

0.08 

53.9 ± 9.7 

27.4 ± 2.3 

0 

AS1063 

c 

342.150186 

-44.543627 

(H) 

0.55 (16) 

1.32 (1) 

11.16 

± 

0.10 

16.4 ± 3.8 

20.8 ± 1.0 

0 

AS1063 

c 

342.160375 

-44.528461 

(H) 

0.457 (23) 

- - 

10.69 

± 

0.09 

5.5 ± 1.1 

29.0 ± 2.1 

0 

AS1063 

c 

342.156432 

-44.546379 

(H) 

0.81 (16) 

2.32 (1) 

11.69 

± 

0.09 

55.7 ± 10.0 

29.0 ± 1.0 

0 

AS1063 

c 

342.167313 

-44.513957 

(H) 

0.351 (23) 

- - 

10.68 

± 

0.07 

5.5 ± 1.0 

26.7 ± 1.3 

0 

AS1063 

c 

342.176401 

-44.511411 

(H) 

0.355 (23) 

- - 

10.86 

± 

0.09 

8.3 ± 1.5 

19.7 ± 0.2 

0 

AS1063 

c 

342.178601 

-44.515080 

(H) 

0.66 (16) 

1.43 (1) 

10.85 

± 

0.12 

8.1 ± 2.2 

25.1 ± 2.8 

0 

AS1063 

c 

342.174031 

-44.532455 

(H) 

0.610 (23) 

5.13 (1) 

11.41 

± 

0.08 

29.1 ± 5.2 

28.4 ± 0.8 

0 

AS1063 

c 

342.174896 

-44.534119 

(H) 

0.341 (24) 

- - 

10.51 

± 

0.08 

3.7 ± 0.7 

25.5 ± 2.1 

0 

AS1063 

c 

342.177033 

-44.536947 

(H) 

0.336 (23) 

- - 

10.55 

± 

0.09 

4.0 ± 0.8 

20.4 ± 1.4 

0 

AS1063 

c 

342.180084 

-44.566901 

(H) 

0.609 (22) 

1.14 (3) 

11.31 

± 

0.08 

23.2 ± 4.2 

25.1 ± 1.3 

0 

AS1063 

c 

342.186117 

-44.497557 

(H) 

0.355 (23) 

- - 

11.15 

± 

0.09 

16.0 ± 2.9 

23.5 ± 0.8 

0 

AS1063 

c 

342.197074 

-44.513329 

(H) 

1.64 (16) 

2.48 (1) 

12.48 

± 

0.09 

343.9 ± 61.9 

41.5 ± 1.1 

0 

AS1063 

c 

342.204329 

-44.540386 

(H) 

2.57 (16) 

1.88 (1) 

12.46 

± 

0.10 

324.9 ± 58.5 

25.5 ± 1.7 

0 

AS1063 

c 

342.210106 

-44.536522 

(H) 

1.450 (9) 

1.58 (1) 

11.82 

± 

0.08 

74.7 ± 13.4 

35.4 ± 2.2 

0 

AS1063 

c 

342.210950 

-44.514443 

(H) 

1.42 (16) 

2.09 (1) 

12.16 

± 

0.08 

162.8 ± 29.3 

32.9 ± 4.2 

0 

AS1063 

c 

342.212304 

-44.523113 

(H) 

1.00 (16) 

2.08 (1) 

11.25 

± 

0.09 

20.1 ± 3.8 

35.4 ± 2.9 

0 

AS1063 

c 

342.213723 

-44.534482 

(H) 

0.081 (23) 

- - 

9.25 

± 

0.29 

0.2 ± 0.1 

22.6 ± 1.2 

0 

AS1063 

c 

342.218458 

-44.545992 

(H) 

~2.0 (2) 

1.26 (1) 

12.40 

± 

0.09 

287.3 ± 61.0 

32.9 ± 3.4 

0 

AS1063 

c 

342.224186 

-44.540576 

(H) 

~0.5 (2) 

1.07 (1) 

10.54 

± 

0.21 

3.9 ± 1.9 

27.7 ± 4.3 

0 

AS1063 

p 

342.278500 

-44.540686 

(I) 

~04 (2) 

- - 

11.40 

± 

0.41 

28.4 ± 26.8 

32.9 ± 7.4 

0 

AS1063 

p 

342.290400 

-44.535057 

(S) 

~0.S (2) 

1.05 (3) 

11.60 

± 

0.35 

45.0 ± 36.3 

32.9 ± 31.3 

0 

AS1063 

p 

342.301079 

-44.530316 

(I) 

~1.7 (2) 

1.09 (3) 

12.21 

± 

0.14 

184.9 ± 57.8 

36.2 ± 4.8 

0 

AS1063 

p 

342.303063 

-44.556197 

(I) 

~0.S (2) 

1.01 (3) 

12.08 

± 

0.25 

135.6 ± 77.8 

32.9 ± 6.3 

0 

AS1063 

p 

342.306686 

-44.566972 

(S) 

~1.0 (2) 

1.01 (3) 

11.66 

± 

0.28 

51.6 ± 32.9 

32.9 ± 23.7 

0 
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Table 9. Continued 


HLSJ224913.6-443238 

AS1063 P 

342.307337 

-44.544783 

(I) 

(2) 

— — 

10.89 

± 

0.41 

8.9 ± 8.4 

32.9 ± 41.4 

0 

HLSJ224915.2—443220 

AS1063 P 

342.314834 

-44.538237 

(I) 

~1 .7 (2) 

1.03 (3) 

12.41 

± 

0.10 

291.7 ± 64.9 

27.7 ± 2.7 

0 

HLSJ224916.5-443042 

AS1063 P 

342.320281 

-44.512853 

(W) 

~1.8 (2) 

1.09 (3) 

12.49 

± 

0.11 

351.5 ± 92.5 

32.9 ± 2.8 

0 

HLSJ224917.3-443119 

AS1063 P 

342.322117 

-44.520606 

(W) 

~1.2 (2) 

1.07 (3) 

12.22 

± 

0.15 

189.1 ± 64.7 

32.9 ± 3.6 

0 

HLSJ224917.8-443256 

AS1063 P 

342.324002 

-44.548805 

(S) 

~0.9 (2) 

- - 

11.63 

± 

0.31 

48.1 ± 34.7 

32.9 ± 28.2 

0 

HLSJ224920.9-443337 

AS1063 P 

342.336299 

-44.560820 

(I) 

~2.1 (2) 

1.01 (3) 

12.18 

± 

0.13 

171.7 ± 51.1 

27.7 ± 3.8 

0 

HLSJ224922.8-443235 

AS1063 P 

342.344357 

-44.543522 

(I) 

~0.8 (2) 

1.06 (3) 

10.88 

± 

0.53 

8.6 ± 10.5 

32.9 ± 9.9 

1 

HLSJ224925.1-443252 

AS1063 P 

342.353444 

-44.549562 

(S) 

(2) 

1.21 (3) 

12.03 

± 

0.16 

122.5 ± 44.5 

32.9 ± 4.5 

0 

HLSJ224925.9-443332 

AS1063 P 

342.356469 

-44.559126 

(I) 

(2) 

- - 

10.41 

± 

0.33 

2.9 ± 2.2 

42.3 ± 44.0 

0 

HLSJ224926.3-443223 

AS1063 P 

342.358424 

-44.539673 

(W) 

~2.0 (2) 

1.07 (3) 

12.49 

± 

0.09 

348.1 ± 66.4 

27.7 ± 2.6 

0 

HLSJ224926.1-443305 

AS1063 P 

342.361422 

-44.552207 

(I) 

~2.3 (2) 

1.34 (3) 

12.08 

± 

0.13 

136.3 ± 40.1 

27.7 ± 4.0 

0 


1 Herschel ID as in Table Q] 

2 C=central region; P=parallel 

3 Counterpart RA and Dec, from the most accurate available position (V=VLA, H=HST, 0=[ground-based] optical, I=IRAC, 
W=WISE, P=PACS, SUSPIRE) 

4 Counterpa rt spectros copic, optical photo metric or IR estimated redshift f rom (1) lowe rs et al j <1201 if) , ( 2) -z D hot_FiRi (3) 


I Couch et alj (1 19981), (4) iRawle et al.l (l2014b|), (5) ?, (6 ) jBus arello et alj d20 02t) , , 

HST GRISM, (TO) jBamford | (120051) , (11) llvison et alj (119981b (12) Isoucail et aL. _ __ _ _ _ 

Soucail et alj (fl 9991) , (15) Magellan/IMACS, ( 16) C LASH HST photo-z, (17) CLASH Sub raru p hoto-z, lUmetsu et alj (|2014|) (18) 


(7 ) iBraglia et alj 1120091). )8) IWold et al.l d2012h , (9) 
] i 19881) , (13) I Henry fc Lav erv et a" ( 19871) 


(14) 


BalestraTi 20131), (1 9) lEbelingT Ma &; Barrettl d2014h , (20) LBT/MODS, (21) ISmith et all (120091) , (22) Walth et al. (in prep.), (23) 
Gomez et al.l (120121) . (24) iKar man et al.l (120 151) 


5 ft fro m (1) CATS m odels d Julio Sz Kneibll2009l ; IJauzac et al.|[2012l ; I Richard et al.|[2014l ; Ijauzac et al.ll2014l) or (2) SaWLens wide-held 
method I Merten et al.l (1 20091, 1 20 111). ~ for foreground and cluster sources 

6 From the best-fitting IRieke et al. 1 12003) template 

7 Characteristic dust temperature of the best-fitting single-temperature modified blackbody 

8 Flag for alternate IR SED fit using SF+AGN model, effectively correcting Ljr and SFRjr for AGN contamination (see Section 14.4.41) 
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